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1 EXECUTIVE SUMMARY 

The Wabash River Coal Gasification Repowering Project (WRCGRP, or Wabash Project) is a 
joint venture of Destec Energy, Inc. of Houston, Texas and PSI Energy, Inc. of Plaintield, 
Indiana, who have jointly repowered an existing 1950’s vintage coal tired steam generating plant 
with coal gasification combined cycle technology. The Project is located in West Terre Haute, 
Indiana at PSI’s existing Wabash River Generating Station. The Project processes locally mined 
Indiana high sulfur coal to produce 262 megawatts of electricity. 

PSI and Destec are participating in the Department of Energy Clean Coal Technology Program to 
demonstrate coal gasitication repowering of an existing generating unit affected by the Clean Air 
Act Amendments. As a Clean Coal Round IV selection, the project will demonstrate integration 
of an existing PSI steam turbine generator and auxiliaries, a new combustion turbine generator, 
beat recovery steam generator tandem, and a coal gasification facility to achieve improved 
efficiency, reduced emissions, and reduced installation costs. 

Reaching completion in 1995, the Project represents the largest coal gasitication combined cycle 
power plant in the United States. Its design allows for lower emissions tban other high sulfur coal 
tired power plants and resultant heat rate improvement of approximately 20% over the existing 
plant configuration. 

Key objectives for 1997 centered primarily on meeting or exceeding contractual performance 
capacity while continuing to advance the technology through operational procedure development 
and equipment and engineering upgrades. Of those key objectives, several critical factors were 
identified for 1997. Those were: 

l Meet guarantee for proforma syngas production or better the contract capacity. 

l Extend operational campaigns to 90 days through improvements in 
l Deposition control 
l Dry Char reliability 

l Reduce the number of unplanned outages (a total of 51 were recorded for 1996) and 
reduce downtime hours attributable with each “area” of operations (Appendix D) 

. Perform a successful alternate fuel test 

l Reduce nitrogen consumption in the gasification process to match production within 
the Air Separation Unit. 
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inlet coal usage increased 209% I+om 
_ the previous year. Of the unplanned 

trips off of coal operation (47 total), 33 were directly attributable to the gasification process. 25 
of the 33 were due to mechanical diiculties in the process while 18 were directly attributable to 
instrumentation or electrical difficulties. The Combustion Turbine (CT) operated for over 3,700 
hours on coal generated synthetic gas yielding an increase from 1996 production of over 227%. 
Total by-product sulfur production increased 269% with over 4,450,OOO lbs produced compared 
to approximately 1,129,OOO Ibs in 1996. In addition to reaching these record production figures, 
the Wabash Project achieved several significant operational milestones in 1997, including: 

l Successful swap to spare gasiIier 
. Improved dry char filtration through use of metal elements 
l Installation of threes new heat exchangers to improve heating and cooling of dry 

char and catalyst systems during shutdown and startup 
l Installation of improved wind proof pilots on flare system to improve reliability of 

continuous tlame on flare 
l Installation of new tlare tip to reduce ambient noise during startup and/or emergency 

trips of the combustion turbine off of syngas 
l Installation of 180 degree ell designed to improve flow and limit deposition from the 

gasifier second stage through the post resident vessel. 
. Completed tirst operational run on an alternate fuel (petroleum coke) processing 

approximately 18,000 tons of petcoke while operating approximately 22 1 hours. 
l Gasification plant operated on coal 3,885 hours producing 6,214,864 MMbtu’s of 

syng= 
l Combustion turbine operated on syngas for 3,701 hours. 
. Completion of the first comprehensive environmental testing of the facility while 

operating on-coal with maximum power output (second quarter). (See Appendix E). 

Major milestones and activities projected for 1998 include evaluation of the new project 
installations, performance monitoring of the Dry Char Recovery System filtration efficiency, 
continued focus on gasitier operations and continued demonstration of the commercial viability of 
the project. 

#DE-FC2142MC29310 2 



INTRODUCTION 

In September 1991 the United States Department of Energy (DOE) selected the Wabash River 
Coal Gasification Repowering Project (WRCGRP) for funding under the Round IV of the DOE’s 
Clean Coal Technology Program. This was followed by nine months of negotiations and a 
congressional review period. The DOE executed a Cooperative Agreement on July 28, 1992. 
The project’s sponsors, PSI Energy, Inc., and Destec Energy, Inc., will demonstrate, in a fully 
commercial setting, coal gasification, repowering of an existing generating unit affected by the 
Clean Air Act Amendments (CAAA). The project will also demonstrate important advances in 
Destec’s coal gasification process for high sulfur bituminous coal. After receiving the necessary 
state, local and federal approvals, this project began construction in the third quarter of 1993 and 
commercial operations in the third quarter of 1995. This facility has a planned three-year 
demonstration period and 22 year operating period (25 years total). 

The Wabash River Coal Gasilication Repowering Project is a joint venture of Destec and PSI 
Energy, who have developed, designed, constructed, own and now operate a coal gasitication 
facility and a combined cycle (CGCC) power plant (respectively). Coal gasification technology, 
originally developed by The Dow Chemical Company and,owned by Destec, was used to repower 
Unit 1 of PSI’s Wabash River Generating Station in West Terre Haute, Indiana. The CGCC 
power plant produces a nominal 262 net megawatts (MWe) of clean, energy efficient capacity for 
PSI’s customers. In the repowered configuration, PSI and its customers can additionally benefit 
because this project can enhance PSI’s compliance plan under the CAAA regulations. The project 
utilizes locally mined high suhk coal and represents the largest CGCC power plant in operation in 
the United States. This plant is also designed to emit signiticantly lower emissions than most other 
high suhin coal tired power plants. 

BACKGROUND INFORMATION 

Proiect Inceution and Obiectives 

Public Law 101-121 provided $600 million to conduct cost-shared Clean Coal Technology (CCT) 
projects to demonstrate technologies that are capable of replacing, retrofitting, or repowering 
existing facilities. To that end, a Program Opportunity Notice (PON) was issued by the 
Department of Energy in January 1991, soliciting proposals to demonstrate innovative energy 
efficient technologies that were capable of being commercialized in the 1990’s. These 
technologies were to be capable of: (1) achieving signilicant reductions in the emissions of sultbr 
dioxide and/or nitrogen oxides from existing facilities to minimiz environmental impacts such as 
transboundary and interstate pollution and/or; (2) providing for future energy needs in an 
environmentally acceptable manner. 

In response to the PON, 33 proposals were received by the DOE in May 1991. ARer evaluation, 
nine projects were selected for award. These projects involved both advanced and pollution 
control technologies that can be “retrofitted” to existing facilities and “repowering” technologies 
that not only reduce air pollution but also increase generating plant capacity and extend the 
operating life of the facility. 
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One of the nine projects selected for fimdii is the project proposed by the Wabash River Coal 
Gasitication Repowering Project Joint Venture. This proposal (a Joint Venture between Destec 
Energy, Inc. of Houston, Texas and PSI Energy, Inc. of PlainIield, Indiana) requested tinaxial 
assistance from DOE for the design construction, and operation of a nominal 2500 ton-per-day 
(262 MWe) two-stage, oxygen-blown, coal gasification combined cycle (CGCC) repowering 
demonstration project. The project, named the Wabash River Coal Gasification Repowering 
Project, is located at PSI’s Wabash River Generating Station in West Term Haute, Indiana. The 
project location and site are shown in Figures 1, 2, 3, and 4. The demonstration project utilizes 
advanced coal gasification technology in a commercial repowering setting to repower an existing 
generating unit’affected by the Clean Air Act Amendments of 1990. Sulfitr emissions from the 
repowered generating unit will be reduced by greater than 90%, while at the same time increasing 
electrical generating capacity over 150%. The project, including the demonstration phase, will 
last 79 months. The DOE’s share of the project cost will be $219 million. 

The CGCC svstem consists of: (See Figures 5 & 5A) 

. Destec’s oxygen-blown, entrained flow, two stage coal gasitier, which is capable of 
utikzmg high sulfix bituminous coal; 

l An air separation unit; 
l A gas conditioning system for removing sulfitr compounds and particulate; 
l Systems or mechanical devices for improved coal feed and all necessary coal handling 

equipment; 
l A combined cycle power generation system wherein the gasified coal syngas is combusted 

in a combustion turbine generator; 
l A heat recovery steam generator. 

The result of repowering is a CGCC power plant with low environmental emissions (SO2 of less 
than 0.25 IbsMMbtu and NO, of less than 0.1 IbiMMbtu) and high net plant efficiency. The 
repowering increases unit output, providing a total CGCC capacity of nominal 262 MWe. The 
Project demonstrates important technological advancements in processing high sulfirr bituminous 
coal. 

In addition to the joint venture members, PSI and Destec, the Phase II project team included 
Sargent & Lundy, who provided engineering services to PSI, and Dow Engineering, who 
provided engineering services to Destec. 

The potential market for repowering with the demonstrated technology is large and includes many 
existing utility boilers currently fiteled by coal, oil, or natural gas. In addition to greater, more 
cost effective reduction of SO? and NO, emissions attainable by using the gasification technology, 
net plant heat rate is improved. This improvement is a direct result of the combined cycle feature 
of the technology, which integrates a combustion topping cycle with a steam bottoming cycle. 
This technology is suitable for repowering applications and can be applied to any existing steam 
cycle located at plants with enough land area to accommodate coal handling and storage and the 
gasification and power islands. 
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J One of the project objectives is to advance the commercialization of coal gasification technology. 
The electric utility industry has traditionally been reluctant to accept coal gasification technology 
and other new technologies as demonstrated in the U.S. and abroad because the industry has no 
mechanism for differentiating risk/return aspects of new technologies. Utility investments in new 
technologies may be diiowed Tom rate-base inclusion if the technologies do not meet 
performance expectations. Additionally, the rates of return on these are regulated at the same 
level as established lower risk technologies. Therefore, minimal incentives exist for the utility to 
invest in, or develop, new technologies. Accordingly, most of the risk in new technologies has 
traditionally been assumed by the supplier. 

The factors described above are constraints to the development of, and demand for, clean coal 
technologies. Constraints to development of new technologies also exist on the supply side. 
Developers of new technologies typically self-finance or obtain financing for projects through 
lenders or other equity investors. Lenders will generally not assume performance and operational 
risks associated with new technology. The majority of funds available t?om lending agencies for 
energy producing projects are for technologies with demonstrated histories in reliability, 
maintenance costs and environmental performance. Equity investors who invest in new energy 
technologies also seek higher returns to accept risk and often require the developer of the new 
technology to take performance and operational risks. 

Consequently, the overall scenario results in minimum incentives for commercial size 
developments of new technologies. Yet without the commercial size test facilities, the majority of 
the risk issues remain unresolved. Addressing these risk issues through utility scale demonstration 
projects is one of the primary objectives of DOE’s Clean Coal Technology Program. 

The Wabash River Coal Gasification Repowering Project was developed in order to demonstrate 
the Destec Coal Gasification Technology in an environment, and at such a scale, as to prove the 
commercial viability of the technology. Those parties affected by the success of this Project 
include the coal industry, electric utilities, ratepayers, and regulators. Also, the tinancial 
community, who provides the funds for commercialization is keenly interested in the success of 
this project. Without a demonstration satisfying aU of these interests, the technology will make 
little advancement. Factors of relevance to t&her commercialization are: 

. The Project scale (262 MWe) is compatible with aU commercially available advanced gas 
turbines and thus completely resolves the issue of scale-up risks. 

. The operational term of the Project is expected to be approximately 25 years includiig the 
DOE demonstration period of the tirst 3 years. This should alleviate any concerns that the 
demonstration does not define a fully commercial plant from a cost and operational 
viewpoint. 

. The Project dispatches on a utility system and is called upon to operate in a manner similar 
to other utility generating units. 

#DE-FC21-92MC29310 5 



\ 
l The Project operates under a service agreement that defines guarantees of environmental 

performance, capacity, availabiity, coal to gas conversion efficiency and maximum 
am&try power consumption. This agreement serves as a model for tirture 
commercialization of the Destec Coal Gasification Technology and defines the iidly 
commercial nature of the Project. 

l The Project is designed to accommodate most coals available in Indiana and typical of 
those available to Midwestern utilities, thereby enabling utilities to judge meI flexibility. 
The Project also enables testing of varying coal types on support of future 
commercialization of the Destec Coal Gasification Technology. 

Phnt Descriotion 

The Wabash River Coal Gasification Repowering Project Joint Venture participants developed 
and separately designed, constructed, own, and currently operate the syngas and power 
generation facilities makiig up the CGCC facility. Coal Gasification technology owned by 
Destec, is used to repower one of six units at PSI’s Wabash River Generating Station in West 
Terre Haute, Indiana. The Project will operate under a 25 year contact. In the repowered 
configuration, PSI and its customers additionally benefit because of the role the Project plays in 
PSI’s Clean Air Act compliance plan. The CGCC power plant produces 262 MWe of clean 
energy efficient, cost effective capacity for PSI’s customers. An additional economic benefit of 
the State of Indiana is that the project not only represents the largest CGCC power plant in 
operation, but also emits lower emissions than other large, high suEtr coal fired power plants. 

The gasification process can be described in the following manner: (see Figures 6 and 7): Coal is 
ground with water to form a slurry and then pumped into a gasification vessel where oxygen is 
added to form a hot, raw gas through partial combustion. Most of the non-carbon material in the 
coal melts and flows out the bottom of the vessel as slag (a black, glassy, non-leaching, sand-like 
material). The hot, raw gas is then cooled in a heat exchanger to generate high-pressure steam. 
Particulates, sulfur, and other impurities are removed from the gas to make acceptable fuel for the 
gas turbine. The gasification process by-products, sulfur and slag, will be sold thus mitigating the 
waste disposal problems of competing technologies. 

The synthetic fuel gas (syngas) is piped to a combustion turbine generator, which produces 
approximately 192 MWe of electricity. A heat recovery steam generator recovers gas turbine 
exhaust heat to produce high-pressure steam. This steam and the steam produced in the high 
temperature heat recovery unit (HTHRU) in the gasification process supply an existing steam 
turbine generator in PSI’s plant to produce an additional 104 MWe. The net plant heat rate for 
the entire new and repowered unit is approximately 9,000 Btu/kWh (Higher Heating Value or 
HHV), representing an improvement of approximately 20% over the existing unit. The project 
heat rate is among the lowest of commerciaUy operated coal tired facilities in the United States. 
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The Destec Coal Gasification process was originally developed by The Dow Chemical Company 
during the 1970’s in order to diversify its fuel base. The technology being used at Wabash is an 
extension of the experience gained Tom pilot plants and the Ii&scale commercial facility, 
Louisiana Gas&cation Technology, Inc., (LGTI) which operated from April 1987 until November 
1995. 

In order to generate data necessary for commercialization, the Joint Venture has chosen a very 
ambitious approach for incorporation of novel technology in the project. This approach is 
supported by PSI’s desire to have another proven technology alternative available for future 
repowering or new base load units. Destec desires to enhance its competitive position relative to 
other clean coal technologies by demonstrating new techniques and process enhancements as well 
as gain information about operating cost and performance expectations. The incorporation of 
novel technology in the project will enable utilities to make informed commercial decisions 
concerning the utilization of Destec’s technology, especially in a repowering application. 

New enhancements, techniques and other improvements included in the novel technology 
envelope for the project are as follows: 

. A novel application of integrated coal gasification combined cycle technology will be 
demonstrated at the project for the first time - reoowering of an existioe coal fired 
power eeneratinp unit. 

l The coal fuel for the project is high sulfur bituminous coal, thus demonstrating the 
environmental performance and energy efficiency of Destec’s advanced two-stage coal 
gasification process. Previous Destec technology development has focused on lower 
rank, more reactive coals. 

. Hot/Dry particulate removalkcycle will be demonstrated at full commercial scale 
by the project. Destec’s plant, LGTI, utilized a wet scrubber system to remove 
particulates Tom the raw syngas. 

Other coal gasification process enhancements included in the project to improve the efficiency and 
environmental characteristics of the system are as follows: 

l Syngas Recycle provides fuel and process flexibiity while maintaining high efficiency. 

l A High Pressure Boiler cools the hot, raw gas by producing steam at a pressure of 
1,600 pounds per square inch absolute (psia). 

l The Carbooyl Sultide (COS) Hydrolysis system incorporated at the project is 
Destec’s first application of this technology. This system is necessary to attain the 
high percent removal of sulfkr at the project. 
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The Slag Fines Recycle system recovers most of the carbon present in the slag by- 
products stream and recycles it back for enhanced carbon conversion. This also 
results in a high quality slag by-product. 

Fuel Gas Moisturization is accomplished at the project by the use of low level heat in 
a concept different Tom that used by Destec before. This concept reduces the steam 
injection required for nitrous oxide (NOJ control in the combustion turbine. 

Sour water, produced by condensation as the syngas is cooled, is processed differently 
from the method used at LGTI. This novel Sour Water System, used at the project, 
allows more complete recycling of this stream, reducing waste water and increasing 
efficiency. 

An oxygen plant producing 95 percent pure oxygen is used by the project. This 
increases the overall efficiency of the project by lowering the power required for 
production of oxygen. 

The power generation facilities included in the project incorporates the latest 
advancements in combined cycle system design while ~accommodating design 
constraints necessary to repower the existing Unit 1 steam turbine. 

The project incorporates an Advanced Gas Turbine with a new design compressor 
and higher-pressure ratios. 

Integration between the Heat Recovery Steam Generator (HRSG) and the 
Gasification Facility has been optimized at the project to yield higher efficiency and 
lower operating costs. 

Repowering of the Existing Steam Turbine involved upgrading the unit in order to 
accept increased steam flows generated by the, HRSG. In this manner,. the cycle 
efficiency is maximized because more of the available energy in the cycle will be 
utilized. 

#DE-FC21-92MC29310 6 



The gasitication/repowering approach offers the following advantages as compared to other 
options: 

l This is a viable alternative that will add life to existing older units. The primary 
assumption, however, is that reasonable life exists in the steam turbine to be 
repowered. If reasonable life exists in the steam turbine, the approach eliminates the 
need for refurbishment of much of the high wear components of conventional 
pulverized coal units. Three such items are the boiler, coal pulverizers and high energy 
piping systems. 

l This approach is an alternative for Clean Air Act compliance compared with the 
traditional scrubber approach. Although space constraints are similar for the installed 
facility, waste storage requirements are smaller due to salable by-products in lieu of 
onsite storage of scrubber sludge. 

l This approach provides a use for high sulfur coal. This is particularly important in 
areas such as lndii where high sulfur coal is abundant and provides a substantial 
employment base. 

Proiect Manaeement 

The WRCGRP Joint Venture established a Project Office for the execution of the project. The 
Project Office is located at Destec’s corporate offices in Houston, Texas. AU management, 
reporting, and project reviews for the project are carried out as required by the Cooperative 
Agreement. The Joint Venture partners, through a Joint Venture Agreement, are responsible for 
the performance of aU engineering, design, construction, operation, fmancial, legal, public affairs, 
and other administrative and management functions required to execute the project. A Joint 
Venture Manager has been designated as responsible for the management of the project. A Joint 
Venture organization chart is shown as Figure 8. The Joint Venture Manager is the official point 
of interface between the Joint Venture and the DOE for the execution of the Cost Sharing 
Cooperative Agreement. The Joint Venture Manager is responsible for assuring that the Project 
is conducted in accordance with the cost, schedule, and technical baseline established in the 
Project Management Plan (PMP) and subsequent updates. 

Maior Activities and Milestones 

The Project Cooperative Agreement was signed on July 28, 1992, with an effective date of 
August 1, 1992. Under the terms of the Cooperative Agreement, Project activities are divided 
into three phases: 

l Phase1 Engineering and Procurement 
l Phase II Construction and Startup 
l Phase III Demonstration 

#DE-FC21-92MC29310 9 



In addition, for purposes of the Cooperative Agreement, the Project is divided into three 
sequential Budget Periods. The expected duration of each budget period is as follows: 

l Budget Period 1 10 months 
l Budget Period 2 27 months 
l Budget Period 3 39 months 

The Project Milestone Schedule is provided in Figure 9. 

Phase I Activities - Eneineerine and Procurement 

Under the provisions of the Cooperative Agreement, the work activity in Phase I (engineering and 
procurement) focused on detailed engineering of both the syngas and power plant elements of the 
project which included design drawings, construction specifications and bid packages, solicitation 
documents for major hardware and the procurement. Site work was undertaken during this time 
period to meet the overall construction schedule requirements. The Project Team includes aU 
necessary management, administrative and technical support. 

The activities completed during this period were those necessary to provide the design basis for 
construction of the plant, including capital cost estimates sufficient for financing, and aU necessary 
permits for construction and subsequent operation of the facility. 

The work during Phase I can be broken down into the following main areas: 

l Project Definition Activities 
l Plant Design 
l Permitting and Environmental Activities 

Each ofthese activities is briefly described below. AU Phase I activities were complete by 1993. 

Proiect Definition Activities 

This work included the conceptual engineering to establish the project size, installation 
configuration, operating rates and parameters. Detinition of required support services, aU 
necessary permits, me1 supply, and waste disposal arrangements were also developed as part of 
the Project Definitions Activities. From this information the cost parameters and projects 
economics were established (including capital costs, project development costs and operation and 
maintenance costs). Additionally, aU project agreements necessary for construction of the plant 
were concluded. These include the cooperative agreement and the gasification services 
agreement. 
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Plant Desim 

This activity included preparation of design and major equipment specifications along with plant 
piping and instrumentation diigrams (P&ID’s), process control releases, process descriptions, and 
performance criteria. These were prepared in order to obtain Iirrn equipment specifications for 
major plant components, which established the basis for detailed engineering and design. 

Permittiw and Environmental Activities 

During Phase I, applications were made and received for the permits and environmental activities 
necessary for the construction and subsequent operation of the project. The major project permits 
included: 

. Indiana Utility Regulatory Commission - The state authority reviewed the project (under 
a petition from PSI for a Certificate ofNecessity) to ensure the project will be beneficial to 
the state and PSI ratepayers. The technical and commercial terms of the project were 
reviewed in this process. 

. Air Permit - This permit details the allowable emission levels for air pollutants from the 
project. It was issued under standards established by the Indiana Department of 
Environmental Management (IDEM) and the Environmental Protection Agency (EPA) 
Region V. This permit also included within it the authority to commence construction. 

. NPDES Permit - This permit details and controls the quality of waste water d&charge 
t?om the project. It was reviewed and issued by the Indiana Department of Environmental 
Management. For this project it will be a modiication of the existing permit for PSI’s 
Wabash River Generating Station. 

l NEPA Review - The National Environmental Policy Act review was carried out by the 
DOE based on project information provided by the participants. The scope of t.his review 
is comprehensive in addressing all environmental issues associated with potential project 
impacts on air, water, terrestrial, quality, health and safety, and socioeconomic impacts. 
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Miscellaneous permits and approvals necessary for construction and subsequent operation of the 
project included the following. 

l FAA Stack Height/Location Approval 
Controlling Authority: Federal Aviation Administration 

l Industrial Waste Generator 
Controlling Authority: Indii Department of Environmental Management 

l Solid Waste 

l FCC Radio License 

l Spill Prevention Plan 

. Wastewater Pollution Control Device Permit 
Controlhng Authority: IDEM 

Phase II Activities - Construction 

Construction activities occurred in Phase II and included the necessary construction planning and 
integration with the engineering and procurement effort. Planning the construction of the project 
began early in Phase I. Separate on-site construction staffs for both Destec and PSI were 
provided to focus on their respective work for each element of the Project. Construction 
personnel coordinated the site geotechnical surveys, equipment delivery, storage and lay down 
space requirements. The construction activities included scheduling, equipment delivery, erection 
contractors, security and control. 

The detail design phase of the project includes engineering, drawings, equipment lists, plant 
layouts, detail equipment specifications, construction specitication, bid packages and all activities 
necessary for construction, installation, and startup of the project. 

Performance and progress during this period was monitored in accordance with previously 
established baseline plans. There were no Phase II activities conducted during this period. 
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Phase III Activities - Demonstration Period 

Phase III consists of a three year demonstration period. The operation effort for the project 
began with the development of the operating plan including integration with the early engineering 
and design work of the project. Plant operation input to engineering was vital to assure optimum 
considerations for plant operations and maintenance and to assure high reliability of the facilities. 
The operating effort continued with the selection and training of the operating staffs, development 
of the plant operations manuals, the coordination of the startup with the construction crew, 
planning and execution of plant commissioning, the conduct and documentation of the plant 
acceptance test and continued operation and maintenance of the facility throughout the 
demonstration period. 

Phase III activities are intended to establish the operational aspects of the.project in order to 
prove the design, operability and longevity of the plant in a fully commercial utility environment. 

Budget Periods 

For ease of administration, the Project is divided into three subsequent budget periods with 
expected durations of 

l Budget Period 1 9 months 
. Budget Period 2 26 months 
. Budget Period 3 39 months 

Budget Period 1 activities include pre-DOE award and project definition tasks, prehminary 
engineering work, and permitting activities. Budget Period 2 activities include detailed 
engineering, procurement, construction, pre-operations training tasks, and startup. Budget Period 
3 activities include the three-year demonstration period. The budget period costs were originally 
projected and revised as follows: 

Total $198,000,000 1 $219,100,000 
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j 
ACTMTIES DURING 1997 

A current Project schedule, indicating milestone dates and current status, is provided as Figure 10. 

1997 Phase III Activities-Demonstration Period 

The plant processes are broken down by area to better describe the activities during 1997 and 
focus on the accomplishments and areas identified as “opportunities for improvement”. Each area 
is preceded by a graphic representation of the process along with a general process description. 

COAL PREPARATION AND SLURRY AREA 

The diagram at leg depicts the process 
of coal slurry preparation. PSI has the 
responsibiity of delivering coal and 
transporting it to the feed hopper. Coal 
enters the feed hopper then is fed to the 
,rod mill via a weigh belt feeder. In 
1997 all of. the coal processed 
originated from the Hawthorne mine in 
Indiana. The coal is mixed with 
limestone (less than 3%) at the mine 
site, which is added as a fluxing agent 

to enhance slag flow characteristics in the gasifier. Treated water recycled from other areas of the 
gasification process is added to the coal at a controlled rate to produce the desired slurry solids 
concentration of approximately 62%. -The use of a wet rod mill reduces potential fugitive 
particulate emissions from the grinding operations. Collection and reuse of water within the 
gasification process minimizes water consumption and effluent wastewater volume. 

The slurry is then stored in an agitated tank, which is sufficiently large to supply the gasiiier needs 
during forced rod mill outages. Most expected maintenance requirements of the rod mill and 
storage tank can bc accomplished without interrupting gasitier operation. 

All tanks, drums, and other areas of potential atmospheric exposure of the product slurry or 
recycle water are covered and vented into the tank vent collection system for vapor emission 
control. The entire slurry preparation facility is paved and curbed to contain spills, leaks, wash 
down, and rain water. AU runoff wiIl be carried by a trench system to a sump where it will be 
pumped into the recycle water storage tank to be reused in the coal slurry preparation system. 
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Primary coal characteristics, which effect operation ofthe gastier include the following: 

l Ash Content 
. SuIlilr 
l Carbon 
l Hydrogen 
l Nitrogen 
l Oxygen 

The following table illustrates the average values for these constituents in 1997 while also 
outlining the variability that was encountered during the year: 

I Constituent Average High Low I 

Ash, % 12.93 13.92 10.6 
sulhr, % 2.57 2.88 2.11 
Carbon, % 70.15 73.96 55.18* 
Hydrogen, % 4.84 5.01 3.92 
Nitrogen, % 1.32 1.7 .91 
Oxygen, % 8.13 11.26 6.64 

*Single analysis ofa single coal shipment received by PSI and is not to ix qsider normal or ofsmtiaical significance 

The rod mill is designed to crush the coal to a desired particle size to ensure stable “slurryability” 
and optimum carbon conversion in the gasitier. Continuous operation during production 
gradually decreases the diameter of the rods, which eventually effects particle size distribution. 
Particle size is strictly an optimization tool and does not dictate overall plant operation. During 
the first quarter of 1997, additional rods were added to the rod mill to facilitate proper particle 
size distribution. This was the tirst rod addition to the miU since beginning operation in 1995 after 
approximately 2000 hours of operation. This rod charge was not considered outside of the design 
equipment life of the rods based on grindabiity and makeup of the coal. The primary problems 
encountered in this area in 1997 centered around the foreign material in the coal which created 
excessive rod mill wear and tear, especially on the trommel screen, which is designed to prevent 
oversized particles and debris from entering the coal slurry feed tank. During the second quarter 
of the year an excessive quantity of oversized limestone and other foreign material (e.g. metal 
objects) entered the mill causing an excess of large particles in the slurry (objects that lodge 
themselves between the rods during milling creates ineffective crushing of the coal). This foreign 
material created a hole in the trommel screen allowing the oversized foreign material to pass to 
the slurry storage tank. This material eventually ended up partiaUy plugging the check valves to 
the slurry feed pumps resulting in a plant shutdown due to fluctuations in slurry feed to the 
gasitier. Fluctuations in slurry feed created slag flow problems in the gasitier, which eventually 
led to plugging of the taphole. Foreign material in the coal continued to be a problem in the third 
quarter, which prompted discussions of this problem with the mine operators. It appears, through 
mining/blending operations and coal handling upgrades (magnetic separators on the belt feeder), 
that the situation has been resolved. There were no further problems realised in this area during 
the fourth quarter. 
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In 1997 a total of over 387,000 tons of coal was processed through the rodmill An additional 
18,000 tons of petroleum coke (petcoke) was also processed during a trial run late in the fourth 
quarter. Slurry fed from the slurry feed tank to the gasifier accounted for approximately 
8,910,111 MMBtu’s based on the average Btu value (dry) of the Hawthorne coal of 12,652 
Btuilb with petcoke having an average Btu value (dry) of 15,353 Btu/lb . Minor constituent 
concentrations in the slurry can be found in Table 2-9 (Coal Slurry Analysis Summary) in 
Appendix E - Environmental Testing. 

Petroleum coke constituents, while having a higher Btu value and lower ash content than 
Hawthorne coal, had to be blended with coal generated slag to enhance slag flow characteristics 
(coal generated slag was used as a fluxing agent). Its effect on gasifier operation wig be discussed 
later in this report. The average value for the primary constituents (dry basis) in petcoke are 
illustrated below: 

1 Constituent Average High Low I 

Ash, % 0.52 0.75 0.39 
sukilr, % 5.17 5.27 5.05 
Carbon, % 87.49 89.03 82.52 
Hydrogen, % 2.74 3.08 2.49 
Nitrogen, % 0.99 1.05 0.93 
Oxygen, % 3.08 3.19 1.15 

AIR SEPARATION UNIT (ASU) 

The Air Separation Unit (ASU), 
depicted at lefl, contains: an air 
compression system; anair 
purification and cryogenic 
distillation system; an oxygen 
compression system; and a nitrogen 
storage and handling system. 
Atmospheric air is compressed in a 
centrifugal machine then cooled in a 
chiller tower to approximately 40 
degrees F. The cooled air is then 

purified through molecular sieve absorbers where atmospheric contaminants (HrO, COr, 
hydrocarbons, etc.) are removed to prevent contaminants l?om freezing during cryogenic 
distillation. The dry, carbon dioxide-tree air is separated into 95% purity oxygen, high purity 
nitrogen, and waste gas in the cryogenic distillation system (cold box). The gaseous oxygen is 
compressed in a six-stage centrifugal compressor and fed to the gasitier. Liquid nitrogen is also 
produced in the cold box with a portion being vaporized for use as gaseous nitrogen in the 
gasification system and the balance being liquefied and stored for use during ASU plant outages. 
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In 1996, the facility identified a shortcoming in the production of nitrogen when matched with 
typical nitrogen demand. It was noted, especially during start-up operations, that supplemental 
nitrogen had to be brought in, via truck, to faciiate start-up of the gasification island. In 1997, 
operational procedures were carefully checked and high end users were identified to help optimise 
the balance of nitrogen production versus consumption. Several key areas were identified as 
possible high end users. Those were: 

. . . the heat up process utilized by the dry char Iiltration system and the heat up of the 
Carbonyl Suffide (COS) catalysis process (due to the inherent need to keep these 
systems oxygen free to prevent exothermic reactions from occurring in the COS beds 
and to limit corrosive activity in the dry char filtration system). Corrective measures 
included the installation of three new heat exchangers, which improved COS catalyst 
heat-up time. Nitrogen piping was also installed to the dry char system to facilitate 
faster thermal cycles and to increase the efficiency of the heat up process by allowing 
nitrogen recycle versus the previous once-through system. 

. nitrogen purges utilized to clear camera sight paths and for equipment purges during 
the start-up process. 

By focusing on these two critical areas, significant strides were made in 1997 to limit external 
deliveries of nitrogen and to optimize plant production. By the end of the year, significant 
reductions had taken place and nitrogen demand had been closely matched to nitrogen 
production. Deliveries of external nitrogen decreased Tom a 1997 high of 15 trucks per month (9 
million standard cubit feet) down to two trucks per month (1.2 million standard cubic feet). 
Efforts will continue in 1998 to ensure that this trend continues and improves where opportunities 
exist. 

Oxygen production was sufficient during 1997 to meet the demands of the gasification island. 
Total production was approximately 328,000 tons for 1997 and product matched the purity 
requirements identified above. Several trips of the main air compressor during 1997 led to shut 
down of the gasification process due to the inabiity of the plant to produce oxygen for burner 
consumption (there is no oxygen storage capability at the facility). The first, in the second quarter 
of 1997, was due to an electrical design flaw in the ancillary systems of the main air compressor. 
It appeared, after caret% investigation, that several of the ancillary systems were not adequately 
fuse protected. Therefore, when an over-amperage condition occurred on one of the auxiliary 
pieces of equipment it was sufficient to trip the main circuit breaker for the main air compressor. 
Corrective action included inspection of over 400 fuses to identify correct amperage 
requirements. Those fuses identified as being inadequate were replaced with correct fuses. 
During the third quarter, a loose fuse resulted in the failure of an oxygen vent valve, which 
subsequently tripped the main air compressor and the gasitication process. It is suspected that the 
fuse was not properly seated a&r the inspection/replacement, which occurred during the second 
quarter. Au fuses were rechecked to prevent recurrence of this problem. 
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‘I A potential preventative maintenance issue was identified when, in December, the alternate 
oxygen pump suffered a failure of the lower impeller shag bearing. Dynegy and manmhcturer 
personnel worked together to identify a new lower impeller design which will be installed during 
the next available shutdown in 1998. 

Additional upgrades to the oxygen plant during 1998 included the following: 

l A lube oil system upgrade was made to facilitate oil changes to the main air 
compressor. 

l The main air compressor guide vanes (aU stages) were put on a more aggressive 
preventative maintenance schedule due to a second stage failure in December. 

GASIFICATION AND SLAG HANDLING 
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The Destec gasilier consists of two 
stages; a slagging first stage, and an 
entrained flow, non-slagging second 
stage. The first stage is a horizontal, 
refractory lined vessel in which coal slurry 
and oxygen are combined in partial 
combustion quantities at an elevated 
temperature (nominally 2500 degrees F) 
and pressure (400 psia). Dry particulate 
(char) filtered from the raw sygnas 
downstream of the gasitier is also 
recycled to the first stage gasification 
process. The oxygen and coal slurry are 
fed to the gasifier and atomized through 

two opposing mixing nozzles once the vessel bas been adequately preheated. Natural gas is 
utilized for preheating the gasilier. No product syngas is generated for PSI’s consumption during 
the pre-heat process while in methane operations. Oxygen feed rate to the mixers is carefully 
controlled to maintain the gasification temperature above the ash fusion point, thereby ensuring 
good slag removal. Produced synthetic gas (syngas) consists primariiy of hydrogen, carbon 
dioxide, carbon monoxide and water vapor. Sulfur in the coal is converted primariiy to hydrogen 
subide with a portion converted to carbonyl suffide. Both sulfur species are processed down 
stream and are removed from the process. Mineral matter in the coal forms a molten slag. The 
second stage is a vertical refractory lined section in which additional coal slurry is reacted with the 
hot syngas stream exiting the first stage. This additional slurry serves to lower the temperature of 
the gas exiting the lirst stage to 1900 degrees F by vaporization of the slurry and endothermic 
reactions. The coal undergoes de-volatilization and pyrolysis thereby generating more gas at a 
higher heating value. No additional oxygen is added in the second stage. The partially reacted 
coal (char) and entrained ash is carried overhead with the gas. 
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Slag tlows continuously 
through the tap hole of the first 
stage into the water quench 
bath, located below the first 
stage. The slag is then crushed 
and removed through a 
continuous pressure let-down 
system as a slag/water slurry. 
This process of continuous 
slag removal is compact; 
minimizes overall height of the 

I 

gasifier structure; eliminates the high-maintenance requirements of problem prone lock hoppers; 
and completely prevents the escape of raw gasification products to the atmosphere during slag 
removal. 

The slag slurry leaving the pressure let down system flows into a de-watering bin. The bulk of the 
slag will settle out in this bin while the water overtlows a weir at the top of the bin to a settler in 
which the slag fines are settled and removed. The clear water gravity flows out of the settler and 
is pumped through heat exchangers where it is cooled as the final step before being returned to 
the gasiher quench section. De-watered slag is loaded into a truck or rail car for transport to 
market or its storage/disposal site located on the south end of the Wabash giver Generating 
station. The tines slurry from the bottom of the settler is recycled to the slurry preparation area. 
The de-watering system contains de-watering bins, a water tank, cooler and water circulation 
pump. AU tanks, bii, and drums are vented to the tank vent collection system to limit fugitive 
emissions. Triplicate analysis of the slag collected during a three day operational period in May 
while on coal and producing full power from the steam and combustion turbines, show a stable 
slag quality (see Table 2-11 - Slag Analysis Summary in Appendix E - Environmental Testing). 
During the second quarter of the year, extensive environmental testing was completed. 

1997 HOURS OF OPERATION 
During GSI’s operational campaigns in 1997, 
the gasifier operation improved over 1996 by 

1503 a !i 
producing over 6,213,800 MMBtu’s of 
product syngas compared to 1996 production 

2 low aE2 of over 2,767,700 MMBtu’s. This represents 2 4gLi?I 
I 5l3Q a== 

2g! 
an increase of approximately 224% over the 

0 s 
previous year. The gasitier operated on coal 

0 for over 3,650 hours. During heatup 
lQTRZQTR3QTFt 4QTFt operations, the gasiher operated on methane 

/-On Coal m Methane --r-Coal/Methane Mix and a blend of coal/methane for over 1490 
hours. It again must be noted that syngas 
generated during heatup operations is not 

suitable for use as fuel for the combustion turbine and that coal/methane mix is simply a transition 
step from methane heat-up to coal operation. Methane operations indicated in the graph indicate 
methane and coakmethane mix hours for heat-up of the gasifier and associated equipment and the 
transition onto Cdl coal operations. 
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While gasifier operation was improved (as indicated by increased operational hours on coal), 
several important opportunities for improvement were identified and several major mod&cations 
did take place in the system to improve overall performance. 

l A mechanical problem concerning cooling water flow to the gasifier water-cooled 
nozzles was identified in the iirst quarter when the piping system supplying the nozzles 
failed. The cause of the failure was isolated to severe vibration of the boiler 
feedwater makeup line to the system During normal operation, boiler feedwater flows 
in a closed loop, at 450-500 psig, through the water cooled nozzles and then is cooled 
through heat exchange with cooling tower water. ~Ma!ie up water for this system is 
supplied by an 1800 psig system t?om PSI. Due to small leaks in the closed loop 
system boiler feed water under 1800 pounds of pressure was entering the 500 psig 
system at a rate sufficient to create severe vibration in the piping system. To resolve 
this problem a new source of cooling water makeup (cold condensate) was identified 
and utihzed as a boiler feedwater replacement. The new makeup system operates at 
approximately 600 psig and is approximately 400 degrees F cooler than the boiler 
feedwater source. Vibration problems have not recurred. 

l In addition to the problems associated with the cooling water loop above, failure of 
tubes in the cooling water loop exchanger was also identitied. Previous fakes of the 
water cooled nozzles indicated the potential that excessive cooling was taking place in 
the nozzles causing the syngas to cool to the point of condensation. Corrosion of the 
nozzles indicated that sulfur constituents and moisture from the condensing gas were 
causing the nozzles to prematurely fail. In an effort to prevent these failures, cooling 
water flow to the heat exchanger was reduced to assist in elevating the temperature of 
the cooling water loop. While temperatures in the cooling water loop to the water 
cooled nozzles increased, it was also noted that shell side cooling water had increased 
enough to cause shell-side boiling. This, along with the vibration problems mentioned 
above, eventually led to severe damage to the exchanger tubes. Corrective measures 
included increasing cooling water flow to the exchanger and the implementation of the 
new cold condensate makeup line described above. One tube faihrre in this exchanger 
did occur in the 2* quarter as a direct result of these vibrations earlier in the year. No 
further tube fakes occurred in this exchanger during 1997 and no further vibration 
has been reported. 
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l During a third quarter inspection of the gasifier, it was noted that there was substantial 
thinning of the brick refractory in certain areas. While the gasifier could have been re- 
bricked in the thinning areas and put back into service for the next operational run, 
consideration was given to the planned petcoke evaluation in the fourth quarter and 
deposition information that could be gained t?om a clean gasifier in evaluating 
petroleum coke deposition characteristics. It was therefore decided to swap to the 
spare gasifier in the third quarter. The spare gasitier has been equipped with new brick 
material based on the information gained t?om the wear in the primary gasitier to date. 

.Dynegy personnel worked with various brick manufacturers in an effort to develop 
brick material that could withstand the hostile environment of the gasifier. Key criteria 
such as thermal growth, erosion resistance, and thermal insulating characteristics were 
evaluated prior to selecting a manufacturer and brick type. Again focus for evaluation 
was primarily based on the above, plus extension of operational life before re-bricking 
is required. Evaluation of the new brick material will be accomplished on subsequent 
outages to determine life expectancy of the brick. 

l One project identified to extend run time by reducing run-limiting deposition, was 
implemented in the third quarter. It involved a new process design piping arrangement 
placed on the transition piece between the gasitier and post-resident vessel. This new 
180 degree ell transition was designed to reduce deposition and help eliminate stress 
between the two vessels. By design, the transition piece also created a smoother gas 
flow path between the two vessels for the particulate-laden raw syngas. The old 
design utilized a straight piece of transitional piping that connected to the gasifier 
second stage and the post-resident vessel just below the tops of both vessels. Gas 
path flow, therefore, was severely impinged creating deposition at the top of the 
gasifier and along the inlet wall of the post-resident vessel. Gas flow was resticted in 
this area causing an increase in pressure across the system and an erratic gas flow 
pattern. Success of the new transition piece will be evaluated on subsequent vessel 
inspections. 

Several minor problems were identified which led to a decrease in gasifier efficiency or shut down 
of the operation. Those speciftc problems and corrective actions are identified below: 

l During the hrst quarter of 1997, slag flow was lost due to insufficient flow of 
extraction gas (raw syngas utilized during normal operation to enhance slag flow) 
through the tap hole. Loss of extraction gas flow created a tap hole plug, which 
eventually led to a shut down of the gasiiier. An investigation into the problem 
indicated that there was no mechanical process that needed evaluation or correction, 
but the problem existed in the computerized control code for the gasifier. The control 
code was changed to ensure the presence of adequate extraction gas flow and to give 
operations a more accurate means of monitoring flow measurement. Once the 
procedure was installed in the control code, no further problems with gasifier 
operation were noted due to extraction gas flow control. 
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. In the second quarter, foUowing an inspection of the slag handling system, a sigticant 
amount of scaling was identified in the flow lines and equipment downstream of the’ 
slag crushers. Following laboratory testing, a scale inhibitor was added to the flow 
stream to reduce scale formation and the potential for slag flow interruption due to 
blockage of the lines. This application is still under evaluation. 

l An extraction gas analyzer failed in the third quarter due to a high velocity of 
particulate laden gas passing through the flow meter and associated piping. The 
,system was temporarily corrected by increasing the piping diameter for the flow meter 
to reduce velocity. Following a recurrence of the problem in September, it was 
decided that the extraction gas analyzer would have to be totally isolated from the 
main gas path if the problem was going to be corrected. The analyzer inlet 
configuration was subsequently rearranged utilizmg a side stream path with less 
velocity. No further problems were directly associated with this unit during the 
remainder of 1997. 

l During the frrst operational run in September, it was noted that the redundant slung 
flow magmeters (measuring flow to the gasitier) began deviating (from set point) 
significantly which reduced the stability of the shrrry flow to the gasifier (which is a 
primary control point for gasifier operation). The deviations became so severe that it 
eventually resulted in a shutdown of the gasiIier due to the inabiity of the control 
module to properly adjust oxygen-to-coal ratios with the deviations in flow. To 
correct this problem a more aggressive preventative maintenance schedule was 
implemented. 

. In the fourth quarter an area of the spare gasifier developed a “hot spot” on the 
exterior surface which required the application of cooling water to prevent further 
damage to the shell. When applying the cooling water spray, the water ran down one 
side of the gasitier creating unequal thermal growth on the opposite side. This, in 
turn caused a misalignment of the slag crushers due to vessel movement, which 
ultimately caused a failure of the fluid coupling. The cooling water flow was 
drastically reduced to a “mist” which alleviated the problem of disparate thermal 
growth and no further failures were encountered. The hot spot was repaired intemaUy 
during the next scheduled outage. 

During November, a successful test burn of an alternate feedstock (petcoke) was accomplished. 
From November 17rh to the 261h, GSI utilized approximately 18,000 tons of petroleum coke to 
generate syngas for PSI’s consumption. Due to the higher Btu value of the petcoke, GSI was 
able to produce syngas with a higher Btu value at a lower sluny feed rate than that of coal. Slag 
production decreased due to a much lower ash content of the feedstock. Additionally, it was 
noted that the sulfur recovery plant operated at peak efficiencies during the trial run due to the 
higher sulfur content of the petcoke. Overall, the plant operated very effectively on the feedstock 
and proved its applicability for the generation of syngas for multiple purposes in areas where 
petcoke is readily available.. 
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SYNGAS COOLING. PARTICULATE REMOVAL AND COS HYDROLYSIS 

The gas and entrained 
particulate matter exiting 
the gasitier system is 
further cooled below 
1900 degrees F in a 
firetube heat recovery 
boiler system where 
saturated high pressure 
steam is produced. This 
steam is then 
superheated in the gas 

turbine heat recovery steam generator for use in the steam turbine for power generation. 

The raw gas leaving the high temperature heat recovery unit passes through a barrier filter unit to 
remove the particulates. The recovered particulates are recycled to the first stage of the gasiher. 
The particulate free gas is cooled tkrther before proceeding to the carbonyl sultide (COS) 
hydrolysis unit. 

COS, present in the synthetic gas, is not removed as efficiently as HzS by the Acid Gas Removal 
(AGR) system. Therefore, in order to obtain a high sulfur removal efficiency, the COS must tirst 
be converted to H2S before the sour syngas enters the AGR. This conversion is accomplished in 
the COS Hydrolysis unit by catalytic reaction of the COS with water vapor to create hydrogen 
suhide and carbon dioxide. The hydrogen sulftde is then removed in the AGR section and the 
carbon dioxide remains in the product syngas utilized by the combustion turbine. 
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Steam production, as - 
shown in the graph at 
right, reflects the 
operational run history 
of the gasifier. Total 
steam production for 
1997 increased over 
200% horn 1996 as 
did most other . 
operational parameters 

Deposition, plugging, 
and corrosion within 
the HTHRU (High 
Temperature Heat 
Recovery unit) 
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continued to be of prominent concern in 1997. Several major projects and improvements 
occurred during the year to enhance system performance and improve reliability. Those include: 

l As identhied in 1996, thermal cycles of the hot syngas path were a leading contributor 
to HTHRU plugging due to spalling of ash deposition in upstream equipment and 
piping. One such thermal cycle in the fust quarter led to increased plugging of the 
boiler tubes sufficient to require a gasitier shutdown due to high diierentiai pressure 
across the boiler tube sheet. Subsequent cleanings in the second, third, and fourth 
quarter indicate that, while deposition may be controlled to some extent, planned 
outages will have to be appropriately spaced to ensure uninterrupted HTHRU 
operation in the future. One project, the installation of the 180 degree eU from the 
gasitier to the soak tank, should have an impact on boiler deposition rates by reducing 
the amount of deposition upstream of the boiler. This should reduce the impact 
thermal cycles have on the boiler inlet gas stream by reducing the potential of 
upstream deposition breaking loose during start up and shut down operations. 

l Thermal cycles (shutdown and start-up) not only effected deposition in the system but 
also served to accentuate installation flaws within the piping scheme. In March of 
1997, due to excessive misalignment of a piping spool during construction/iitallation, 
a syngas leak developed in a spool piece on the outlet of the waste heat boiler. The 
released gas combusted as it leaked t?om the process causing a small fire and 
subsequent shutdown of the gasitication process. In the process of purging the system 
with nitrogen, the flare pilot was extinguished resulting in an odor noticeable to 
neighbors in the area (due to minor concentratitons of hydrogen sultide in the purge 
gas). Details of this incident are further explained in the Environmental Monitoring 
Plan Report for 1997. This tlange had a history of gas leaks, but had been previously 
maintained in a safe condition with appropriate bolt-torquing. After this release, the 
flange surfaces were welded and remachined and the pipe reconnected with a new 
gasket. 
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Although the incidents of tlange leakage were curtailed by this action, subsequent 
small leaks occurred within the system. Future plans include replacement of the spool 
and both flange pairs with hard pipe to eliminate this leak source. Proper mitering of 
the pipe and proper alignment should eliminate the pipe stresses in this area. 

. The inlet boiler screen to the HTHRU experienced failures in the fist quarter due to 
chemical attack from raw syngas components and excessive solids loading. Due to 
these failures, and previous failures that occurred in 1996, a new material of 
construction was selected for: instal@on in the ,second quarter of the year. Following 
the installation of the new screen early in the second quarter, the screen remained in 
place for the remainder of the year experiencing only normal wear while limiting 
deposition on the boiler inlet. Although the new screen may have successfully 
extended the life of a given run cycle, engineering is still investigating new screen 
material, which will outperform the current design. 

Several other opportunities for improvement occurred during the year which, while having an 
impact on operation run characteristics and availability, did not involve major project 
development. The following is a brief summary of those opportunities: 

. Removal methods for boiler tube deposition continue to be critical factors in reducing 
the amount of time required for a plant turnaround. Due to the tenacity and hardness 
of the deposition on the tube walls, special cleaning methods are being developed to 
reduce off-line cleaning time. While some success in reducing cleaning time was made 
during 1997, efforts to further improve methods and mechanical cleaning procedures 
wiU continue in 1998. 

* Instrumentation problems in the first quarter caused two shutdowns of the gashier 
when boiler feedwater pressure transmitters froze creating a false flow signal and 
subsequent low steam drum level. Insulation and t?eeze protection for the transn&ters 
has been upgraded to prevent recurrence. Additionally, control logic for the boiler 
steam drum was upgraded during the second quarter. This upgrade makes the level 
control less sensitive to the vagaries of flow measurements. 

. During 1997, the gasification process experienced shortened run cycles due to the loss 
of boiler feed water from PSI on six diiferem occasions. Two of the initial trips during 
the first quarter were identified as being associated with difliculties experienced in the 
Uninterruptable Power Supply (UPS) system. Three of the boiler feedwater losses 
have never been traced to a specific cause, though the UPS is suspe&& 
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Although the dry char JUtering system continued to demonstrate improved performance 
throughout 1997, the system is still undergoing development both in the operational area and in 
the area of design and metallurgy. 

l During the first quarter, and tier installation of tirst generation metal 6lter candles in 
the fourth quarter of 1996, a single gasifier trip in January was caused by primary Alter 
failure. The failure was due to a combination of corrosion-weakened metal lilters and 
flow surges through the vessels caused by backpulse valve failures. The failure of the 
-backpulse *valves served to hasten liher degradation due to the inability to send 
backpulse gas through the filters to remove the collected char. During that time, flow 
imbalances caused a signiticantly increased flow of gas through the clean filters, 
damaging the already weakened titer elements. Some of the experimental metallurgy’s 
utilized for filter construction during this run showed evidence of corrosion after only 
523 hours of service and one type was corroded to the extent that the filters lost 
strength and ductility. During the ensuing plant outage, all of the Ulters of this type 
were replaced with filters of alternate metallurgy’s that demonstrated superior 
resistance to corrosion. AU of the pulse valves were disassembled and many were 
found to have extensive seat damage. The valves were rebuilt utilising the existing 
seat design and the pulse gas heat exchanger was taken out of service for the next run. 
Leakage of the valve seats effectively stopped after this correction Preliminary 
indications are that thermal stresses caused by the hotter pulse gas may have resulted 
in sufficient distortion of the valve bodies to cause the disks to be improperly aligned 
with the seats. 

l Overall, the dry char system continued to operate acceptably until additional problems 
occurred in the fourth quarter, when the dry char system caused the plant to be 
brought off line four times. Three of the four occurrences were caused by a flow 
imbalance between the two vessels and poor char recycle ejector performance 
resulting in high vessel levels and resultant plant trips. A dimensional discrepancy in 
one of the recently fabricated ejector internal parts was determined to be the cause of 
this failure. After replacing these parts, plant trips due to ejector performance 
problems were eliminated for the remainder of 1997. 

l High primary tilter blinding rates continued in the fourth quarter and, as a result, the 
filters were cleaned during an extended plant outage in October. The high blinding 
rate was partially due to a high temperature heat recovery steam boiler tube leak. 
Filter blindmg rates were again high during the operating period preceding the petcoke 
test. Upon completing this test, the filters were again cleaned in early December. A 
new cleaning procedure resulted in a significantly higher recovery of filter 
permeability. As a result, the primary vessel differential pressures in December were 
much lower compared to the October startup. 
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Other enhancements to the system, including a modification to the internal inlet gas distribution 
system in the dry char vessels, installation of test panels, and installation of a new test unit, 
continued to provide system enhancements which led to longer operational time frames. 
Specifically, those items were: 

A design change was made to provide more uniform Sow distribution throughout the 
vessel, thereby reducing both the gas velocity in the high-wear areas of the inlet 
distributor piping and the particle impingement velocity on the filters. 

Several panels of abrasion resistant materials were installed in the primary distributor 
system. These panels are being tested for possible future application in the system to 
improve distributor part life. 

Initial construction began on a new Dry Char Slip Stream unit which will provide us 
the opportunity to test filter candles and materials of construction outside of the 
primary tiltration vessels. (This slip stream unit project is being built under a separate 
cooperative agreement.) The project was completed and put into service during the 
fourth quarter of 1997. No results were recorded during the calendar year due to the 
short run time Tom commissioning to the end of the year. 

During a second quarter run campaign, it was discovered that tar condensation on the 
tilters was a major contributor to filter flow resistance. The filters were cleaned and 
returned to service. During the subsequent campaign the reactor outlet was operated 
at a higher temperature to enhance tar destruction and improve filter run time. This 
procedure proved effective in the reduction of tar and thus improved overall run time 
on the dry char tiltration system. 

The Carbonyl S&de (COS) catalyst system ran well within limits during the entire year for 1997. 
Although conversion efficiencies were somewhat reduced by a temperature excursion and 
subsequent catalyst deactivation in the fourth quarter of 1996, operations have compensated for 
the loss by operating the reactor at a slightly higher gasilier temperature to reduce sulfur levels in 
the product gas. The carbonyl sulhde catalyst was replaced in the fourth quarter of 1997 and the 
system continued to operate well within design limits for the remainder of the year. 
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LOW TEMPERATURE HEAT RECOVERY AND SYNGAS MOISTURIZATION 

Atier exiting the COS hydrolysis 
unit, the remaining low level heat 
is removed horn the syngas in a 
series of shell-and-tube exchangers 
located before the Acid Gas 
Recovery (AGR) system. This 
cooling condenses water, 
ammonia carbon dioxide, and 
some hydrogen sultide (HS) 
producing sour water, which is 
collected and sent to the sour 

water treatment unit. The heat removed prior to the AGR system provides moisturizing heat for 
the product syngas, steam for the AGR HzS stripper, and condensate heat, 

Cooling water provides trim cooling to ensure the syngas enters the AGR at a sufficiently low 
temperature (approximately 100 degrees F). The cooled “sour” syngas is fed to an absorber in the 
AGR system where the solvent selectively removes the H2S to produce a “sweet” syngas (low in 
H?S ). The “sweet” syngas is then moisturized to a water content of approximately 20% by 
volume using low level heat from raw syngas cooling. Moisturization is accomplished by 
contacting the “sweet” syngas and hot water counter currently in a high surface area contacting 
column. After the moisturizer, the syngas is preheated before being directed to the combustion 
turbine. Moisturization and preheating of the syngas increases efficiency in the combustion 
turbine and reduces the steam requirement for NO, control. 
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SWEET SYNGAS PRODUCTION 
1997 

2500000 7 

IQ 2Q 3Q 4Q 

! uMMBtu’s of Sweet Syngas ( 

Total sweet syngas (product syngas) 
production for 1997 totaled 
approximately 6, 206,900 MMBtu’s 
with the highest production occurring in 
the third quarter. Sweet syngas 
moisturization operated efficiently and 
provided a consistent product gas 
moisture ,content of approximately 20% 
throughout 1997. Product syngas 
quality remained high and will be 
discussed later in this section. 

Problems in this area centered around the new Chloride Scrubbing system which was installed in 
the third quarter of 1996. While the system continued to show good scrubbing efficiency 
throughout the year, the demister packing in the top of the vessel continued to create problems in 
the system due to coal tar plugging. While no problems were encountered in the ftrst quarter of 
the year, the second quarter saw increasing problems with tar deposition. During the second 
quarter the system exhibited an increasing differential pressure across its packing. The pressure 
drop escalated to the point that liquid was entrained horn the scubber and carried into the gas 
path. For a short duration, this liquid overwhelmed the demisters and knockout drums sending 
water into the downstream COS hydrolysis reactors. The automatic control system diverts tlow 
away t?om the reactors when water entrainment is detected but some water potentially reached 
the catalyst beds during the transitions. The root cause of the incident was determined to be tar 
deposits on the packing which impeded gas and liquid flow through the column. Tar prevention 
was achieved by operating the 2* stage gasitier outlet at a higher temperature to maximize tar 
destruction. The column packing was cleaned and put back into service in preparation for the 
third quarter run. Towards the end of the third quarter the column again began exhibiting a high 
ditferential pressure. The problem again, was identified as tar formation. 

To correct the problem manual flushes were periodically implemented, during reduced rate 
operations, to mitigate the high differential pressure and avoid liquid entrainment into the gas 
path. Additionally, the time spent operating at low rates will be limited in future operational 
campaigns. This process was instituted due to the fact that, despite appropriate designated 
temperature control in the gasi6er outlet, heat loss Tom the system is too great during low flow 
operations to maintain these temperatures throughout the system. Despite the flow problems, the 
chloride removal system was virtually unaffected. Fourth quarter operation, though showing 
some increase in differential pressure across the column, continued without incident. A complete 
vessel inspection is planned for the first quarter of 1998 to assess corrective action and to 
determine iftar buildup in the packing material is still occurring. 
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The syngas tlare system is considered part of the overall low temperature heat recovery and 
moisturization process due to the fact that product syngas and off spec gas is flared during normal 
operation, system startup and system shutdown. During a syngas leak and subsequent flange fire 
event in the fnst quarter (previously mentioned) the flare system malfunctioned by losing flame 
and causing a release of purge gas containing hydrogen sultide. The malfunction was attributable 
to a marginally combustible stream created during the system nitrogen purge process passing to 
the flare. During this event, methane (normally used to augment syngas during the purge process) 
flow to the flare tip was not sufficient to ensure that a combustible gas existed at the three flare 
pilots. The pilots were snuffed out in the process and the gas exited the tlare~ unburned. To 
correct the problem three new “windproof pilots were installed on the tlare~~tip during the 
second quarter outage. The control code for the purge process was also upgraded to ensure that 
a sufficient volume of methane gas is added to the flare gas to ensure combustion during system 
purge. 

One of the additional problems that existed at the hare is the fact that, during startup operations 
and in the event of a combustion turbine trip, gas passing to the flare creates an noticeable noise 
level to the surroundmg community. Noise levels in excess of 60-65 dB (average) were recorded 
at the nearest residence during one such event. To rectify this problem, a new flare tip was 
installed during the third quarter outage to reduce the overall noise level. The old three foot 
diameter tip was replaced with a five foot diameter tip. Preliminary noise monitoring data 
indicates a significant reduction of noise in the plant and surroundiig community during high rate 
flaring operation (to as low as 55-60 dB). To further reduce noise levels and the time required to 
flare at high rates during start-up operations, the procedure for transfer to coal operations was 
modified during the fourth quarter to make the swap to the combustion turbine at a lower coal 
feed rate. This reduced me1 consumption and reduced the flare noise level as well. 

Product syngas quality remained relatively consistent throughout 1997. One of the primary 
reasons for such consistency was the use of a single coal source for the year. Minor variations in 
hydrogen sulfide and carbonyl sultide concentrations (in ppm) were primariiy due to equipment 
problems in the COS catalysis reactor and acid gas recovery systems. Variations in Btu value, 
hydrogen concentration, carbon monoxide and carbon dioxide concentrations, and methane 
content were directly related to operational characteristics of the system (and more specitically to 
variations in the oxygen to coal ratios of the gasifrer feed) and cannot be attributed to variations in 
coal feedstock. Some assumptions can be made for variations in syngas makeup due to the 
petroleum coke trial in the month ofNovember. 

Hydrogen Content: Hydrogen content (percent) in the syngas varied horn an average 
monthly low of 32.9% in January to a high of 34.4% in April. 

Carbon Dioxide Concentration: Carbon dioxide (percent) in the syngas varied horn an 
average monthly low of 16.6% in December to a high to 16.9 in April. 
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Carbon Monoxide Concentration: Carbon monoxide (percent) in the syngas varied 
Tom an average monthly low of 42.2 in January to a high of 46.7 in November. There 
appears to be no statistical basis for considering petcoke as a contributor to the high value 
even though it occurred in November. December concentrations were very similar while 
operating on coal. 

Methane Content: Methane (percent) in syngas showed very little variability throughout 
the year. The month of November recorded the only signiiicant deviation t+om the norm 
with a -glow of 1.04%. ., The remaining eleven. mbnths recorded averages of, at or just 
slightly less than, 2%. Methane concentrations in the syngas were significantly lower 
during petroleum coke operations. Average concentrations during the petcoke trial were 
approximately 0.5% as methane in the syngas. This is primarily due to the fact that the 
gasitier was operated approximately 200 degrees hotter during petcoke operation and 
product gas methane concentration drops as gasification temperatures increase. 

Hydrogen Sul6de Concentration: H,S concentration (parts per million, ppm) in the 
product syngas showed some variability due to previously mentioned COS catalyst 
deactivation and downstream problems associated with the MDEA absorber column. Just 
prior to COS catalyst replacement, H$3 values climbed to a monthly average high in 
September of 106.5 ppm. After replacing the catalyst, the HIS concentration dropped 
back down to normal levels as indicated by a November average of 43.08 ppm. The 
lowest average monthly ppm value occurred in May with an average concentration of 
29.21 ppm. 

Carbonyl Suffide Concentration: COS concentration @pm) in the product syngas 
shows an expected variabiity due to the equipment problems indicated above. While the 
first five months of the year show a consistent concentration of approximately 40-60 ppm, 
the months of July, August, September, and October show significant increases in the 
monthly average to as high as 110 ppm (September and October). After the COS catalyst 
was replaced, average monthly concentrations dropped to approximately 21-22 ppm 
(November and December). 
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ACID GAS REMOVAL 

The hrst step in the 
sulfor removal process 
is the Acid Gas 
Removal (AGR) system, 
which removes the 
hydrogen suffide present 
in the “sour” syngas. 

i The AGR system also 
produces a concentrated 
H$ stream (acid gas) 
that is fed to the Sulfur 

’ Recovery Unit (SRU). 
The AGR system is a totally contained system and does not release emissions to the atmosphere. 
Hydrogen sultide is removed via the absorber using a H$S solvent, methyldiethanolamine 
(MDEA). The hydrogen sulfide rich solvent exits the absorber and flows to a re-boiled stripper 
where the hydrogen sultide is steam stripped at low pressure. The concentrated HS stream exits 
the top of the stripper and flows to the sulfur recovery unit. The lean amine exits the bottom of 
the stripper and is cooled, then recycled to the absorber. 

Acid gas removal efficiencies 
remained fairly consistent HYDROGEN SULFIDE REMOVAL EFFICIENCY 
throughout 1997 as can be 100 
seen by the chart at right. 
The efficiency calculation 5 gg 
uses total combustion turbine 0” 98 
stack and flare stack syngas 5 
emissions (= sulfur) 0 97 
compared to the total sultin 96 
feed in the gasification plant zmcCaz~zdOnt>u 
(sulfur, dry-weight percent) awana332woou -uzaI-3~amozn 
for the most conservative 
estimate of performance. As 
was discussed earlier in this 

1 W Removal Efficiency 1 

report, first, second, and third quarter efficiencies were slightly lower, when compared to the 
fourth quarter, due to a decrease in activity in the COS reactor catalyst beds and in their abiity to 
convert carbonyl sulfide to hydrogen suhide. 

#DE-FC21-92MC29310 32 



In early January the amine absorber internals sustained damage resulting from excess loading of 
the trays which directly effect MDEA contact with the hydrogen subide enriched sour gas. 
Column performance was compensated for during the quarter by operating the column on a 
higher level amine feed point which increases contact area with the amine. The tray damage to 
the column was repaired during the late April outage and column performance and feedpoint 
returned to normal. However, overall Rrst quarter efficiencies were somewhat higher due to an 
extended operating period (which allowed for system optimization) and cooler ambient 
temperatures, which directly affect and increase solvent efficiency. 

Reduced efficiencies encountered in the third quarter can be directly attributed to the increase in 
solvent temperature occurring in the summer months and continued degradation of the COS 
catalyst. The loss of catalytic reaction creates a condition where carbonyl sulIide concentrations 
at the absorber column inlet exceed design criteria and the COS is hydrolyzed and absorbed by the 
amine which increases the hydrogen suhide content in the outlet gas and less free absorption sites 
remain in the amine. A single event also occurred in the third quarter directly effecting absorber 
efficiency when column performance was compromised when differential pressure exceeded 
design limits and one of the gas-liquid contact trays collapsed. Solvent anti-foaming compound 
was exhausted, and went unnoticed, ten days prior to this event and consequental solution 
foaming was identitied as the root cause of the tray failure. This event eventually led to a 
pemitted suhin dioxide air permit exceedance at the tlare when product syngas had to be flared 
because the sulfur limit in the product syngas was no longer acceptable for delivery to PSI. 
Details of the environmental significance of this event are outlined in the Environmental 
Monitoring Annual Report for 1997. 

In the fourth quarter, because of an ever-increasing heat stable salts loading of the amine, a 
vacuum distillation was performed on the entire absorbent inventory to remove the salts. The 
distillation recovered 82% of the solvent while removing the heat stable salts. Efficiency increases 
can be attributed to the fresh solvent application. Additionally, during the fourth quarter, the COS 
reactor catalyst was replaced which also aided in an increased efficiency to above 99%. Projects 
have been proposed for 1998 to investigate the rate of heat stable salt formation and configuration 
of the ISEP unit to better handle on-line removal of the salts. Information on these projects will 
be discussed in the 1998 annual report. It should also be noted that the AGR system operated 
more efficiently due, in part, to the higher sulfur loading created by the introduction of petroleum 
coke in November. Concentrations of sulfin, greater than 5% (dry-weight) were encountered in 
the petroleum coke and were well within the design limits of the AGR and Sulfur Recovery Unit. 
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SULFURRECOVERY 

The concentrated hydrogen 
sufide stream from the AGR 
system and the CO? and H2S 
stripped t?om the sour process 
water are fed to a series of 
catalytic reaction stages where 
the H2S is converted to 
elemental sulk. The sulfitr is 
recovered as a molten liquid 
and sold as a by-product. A 

tailgas stream, composed of mostly carbon dioxide and nitrogen with trace amounts of hydrogen 
sulfide, exits the last catalytic stage. 

The tail gas Tom the SRU is hydrogenated to convert all the sulfur species to HzS, cooled, 
compressed and then directed to the gasitier. This allows for a very high sulfur removal efficiency 
with minimal recycle requirements. Provisions in the system also allow for final treatment of the 
tail gas in the tail gas incinerator. A tank vent stream is also treated in the incinerator. The tank 
vent stream is composed of air purged through various m-process storage tanks and contains 
very small amounts of acid gases. The high temperature incinerator efficiently destroys H2S 
remaining in the stream by converting it to SO? before the exhaust gas is vented to the atmosphere 
horn a permitted air emissions source 

1997 SULFUR RECOVERY 
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Total plant sulftu removal 
efficiencies indicated at left 
are split into two specific 
areas. The blue columns 
indicate the efficiency of 
the SRU. Overall recovery 
efficiencies (red columns) 
compare total joint venture 
emissions (as sulfitr) verses 
total sulfiu feed to the 
gasitier, and recovered 
sultk. Overall, this graph 
compares quite favorably 
with the reduction in 

reactivity of the COS catalyst and illustrates a clear degradation over the course of 1997. Fourth 
quarter replacement of the catalyst shows a significant increase in the overall joint venture 
removal efficiency. A total of 8,568 tons of sulfur were recovered during 1997. A recovery 
breakdown, by quarter, is indicated below: 

1’ Quarter 2”d Quarter 
1,961 1,660 

3” Quarter 
2,890 

4” Quarter 
2,057 
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Significant reductions in efficiency of sulfm removal were noted in the third quarter due to 
decreasing acid gas concentration in the feed to the SRU. Average ambient temperature increased 
for the quarter, decreasing selectivity in the acid gas removal solvent. The result is increased acid 
gas flow and lower H2S feed concentration to the SRU, hindering efficiency. 

Increasing efficiency in the fourth quarter can be attributed to (especially in November) the 
petroleum coke test. During this period, the hydrogen sulftde concentration increased which 
improved the efficiency of the Claus units. 

During the year several incidents in the SRU led to either production turndowns, or complete 
shutdowns of the gasification process. 

l In the tirst quarter several minor problems associated with a plugged condenser and a 
plugged tank vent on the suhin storage unit caused several hours of reduced 
production. Both of these problems were quickly resolved and full production rates 
were restored without further incident. Corrective measures were placed in the 
operating procedure and maintenance guide and no further problems of this nature 
occurred during the year. 

l In the third quarter the SRU reaction furnace tripped four times. In each case, the 
operating rates were only reduced for a few minutes until the unit could be re-started. 
Corrective actions to including hardware, software and additional operator training 
were implemented to minimize furnace upsets. No further incidents of this nature 
were recorded for the remainder of the year. 

l On November 12”, the pressure safety valve protecting the acid gas stripping column 
failed, relieving at a pressure less than setpoint. Acid gas t?om the column was 
relieved into the tlare header, resulting in an exceedance of sulfur dioxide permitted 
limits at the flare. Investigation into the mechanism of failure revealed that debris in 
the pilot valve prevented proper seating. This allowed the main valve to remain open 
at pressures below relief setpoint. The pressure safety valve was subsequently 
removed and an alternate overpressure protection device has been employed. The 
permit exceedance discussed herem was appropriately reported and is documented in 
the annual 1997 Environmental Monitoring Plan Report. 
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Several projects were implemented in 1997 in the SRU to improve overall reliability and 
maintainability. Those projects were: 

l In the tirst quarter the relocation of a particular temperature measurement device in 
the SRU reactor turnace was accomplish which was significantly improved system 
reliability and eliminated repetitive maintenance costs associated with the system. 

l The steam generator for the tail gas incinerator was improved to lower incidences of 
leaks in the intermediate steam drum pressure safety valves. Rupture discs now isolate 
the safety selector valve horn the safety valves themselves which has signiticantly 
reduced maintenance costs associated with repair of the valves. 

. In the second quarter, a single project designed to enhance safety, reduce emissions, 
increase availability and lower 0 & M costs was instituted. A suhirr “seal leg” was 
installed at the hydrogenation pre-heater along with an ancillary heating system. The 
project was designed to ensure liquid flow at the look box and prevent overpressure by 
not allowing a solid plug of su&rr to form in that area. Personnel exposure and 
disposal costs have been reduced as a direct result of this project. 

l During the third quarter a sliding base was installed on the existing sulfur pump system 
to reduce piping stress and recurring pump base stress failures. Installation of this 
base should significantly lower maintenance costs associated with pump and piping 
repair in this area. 
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SOUR WATER TREATMENT 

Water condensed during 
cooling of the sour syngas 
contains small amounts of 
dissolved gases, i.e. carbon 
dioxide (CO& ammonia 
(NH& hydrogen sultide 
(HZ% ad trace 
contaminants. The gases are 

’ stripped out of the sour 
water in a two step process. 
First, the CO2 and the bulk of 

the H$ is removed by steam stripping in the CO2 stripper column. The stripped CO2 and HzS are 
directed to the SRU. The water exits the bottom of the column, is cooled, and a major portion is 
recycled to slurry preparation. Any excess water is treated in the -onia stripper column to 
remove the ammonia and remaining trace components. The treated water can be directed to the 
moisturizer or discharged Tom the plant. If out of specification for discharge, the treated water 
can be stored in holding tanks for further testing to determine tinal disposition. Discharge of this 
water stream is controlled or regulated as a combined stream with PSI’s plant discharge into 
water outfall pond 102. 

As shown in the bar chart at 
right, sour water to the outfall 1997 SOUR WATER TOOUTFALL 

remained fairly consistent in AT 

volume through 1997. Quarterly z7 

flows totaled 19.6 million gallons 
;6 
a5 

in the hrst quarter; 17.8 million 84 
gallons in the second; 19.2 83 

million gallons in the third an& 82 

17.2 million gallon in the fourth 
ii 

0 
quarter. In the second quarter 
auxilky heat exchange capacity 
was increased for the ammonia 
quench cohnnn. As a result, 
ammonia emissions corn the sour water make-up to the rod mill have been eliminated. Also, 
ammonia salt deposition in the tail gas recycle compressors has been eliminated, greatly reducing 
operating and maintenance costs on the compressors. 

In the third quarter, a sour water carbon tilter vent containment system was insk$ed to prevent 
tkgitive odors to personnel. This project enhances both safety and environmental @wardship by 
eliminating another source of fugitive emissions. Fourth quarter enhancements ip the system 
included the conversion of an existing activate,4 c&on storage tank to serve as a caustic tank. 
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Caustic has been added to the ammonia stripping column to further reduce the concentration of 
ammonia to the permitted outfall. Until this project, the caustic source was the caustic feed to the 
Ion Separation (ISEP) unit. Recognizing that a lower, less expensive grade of caustic could be 
used, a drum has been retrofitted to serve as the supply for the ammonia stripping cohnnn. This 
project should serve to signiticantly lower operating costs for the sour water unit. 

Specific information about the quality of the water to the outfall is covered under the 1997 
Environmental Monitoring Plan Annual Report and can be used as an additional reference to 
provide more specific information about discharge quality. 

COMBINED CYCLE POWER GENERATION 

The combined cycle system 
consists of a combustion 
turbine generator, heat 
recovery steam generator 
(HRSG), reheat steam 
turbine generator, 
condenser, deaerator, flash 
drums, condensate pumps 
and boiler feedwater 
P-Ps. 

( ] Ifye&+ ;;bz$‘“,;E,; 
cycle combustion turbiie 

fueled primarily by syngas. The General Electric 7FA combustion turbine was the largest in North 
America when installed in 1995. Fuel moisturization and steam injection control NOx emissions 
and increase MW output. Combustion air is drawn through inlet filters horn outside the building 
housing the gas turbine. Combustion exhaust gases are routed to the HRSG. No. 2 fuel oil is 
used as back-up fuel for the gas turbine during startup and shutdown and other periods when 
syngas is unavailable. Fuel oil is stored in tanks located within the existing plant. 

The HRSG recovers heat from the GT exhaust gases to generate high pressure steam. This 
steam, combined with the steam t?om the syngas cooler, repowers the Unit 1 reconfigured steam 
turbine. Steam generated in the HRSG is piped to and from the steam turbine via extensive piping 
additions. The HRSG receives GT exhaust gases and generates steam at 1600 deg F and 1000 
psig (main steam) and reheats extraction steam t?om the steam turbine to 1000 deg F at about 750 
psig extraction pressure (reheat steam). The HRSG is spe&caUy designed for high operating 
efficiency and configured for horizontal flow through a series of vertical heat transfer modules. 
Design of the HRSG is optimized for a syngas fired gas turbine. 

The Wabash River Station Unit 1 steam turbine is located in the existing powerhouse. The steam 
turbine was originally supplied by Westinghouse and went into commercial operation in 1953 at a 
nominal rating of 99 MW. 
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The steam turbine was designed for reheat operation with five levels of extraction steam used for’ 
feedwater heating. To maximize efficiency, feedwater is now heated in both the HRSG and the 
gasification plant. With the need for extraction steam from the steam turbine eliminated, the 
steam previously extracted now passes throunh the steam turbine to generate 105 MW of power. 
As a result, minor modifications to the turbine steam path ensure acceptable steam path velocities. 
The generator and main power transformer continue to be used and have required only minimal 
modification. 

1997 Monthly Power Production As can been seen by the 
chart at left, the third 

,8tJ~~~ ..~~ ~~~, ~~~ ,.~ 
1 quarter produced the 

largest total power output 
for the year. In the month 
of August figures for total 
gross generation (yellow) 
exceeded 160,000 
megawatts for the first 
time since project start up. 
The months of March, 
May, July, August, 

n Steam Turbine n Combustion Turbine 
0 Total Gross Generation 0 Total Syngas Generation 

September, November and 
December show 

generation in excess of 60,000 megawatts on the combustion turbine with syngas. Electricity 
production for the year realized an increase of over 200% over 1996 and continues to show 
improved consistency of operation. The following table illustrates production during 1997: 

r 

L 

1 QTR 1 2QTR 1 3QTR 1 4QTR 1 TOTAL 

Combined Cycle Operating 
Hours On Syngas 

Longest Continuous Run 
Hours On Syngas 

Maximum CT Output (MW) 

Maximum ST Output (MW) 

870 730 1,329 766 3,695 

330 185 360 230 

192 192 192 192 

96 100 100 100 

Total Gross 
Generation (MWHours) / 240,000 / 205,000 / 307,274 1 189,410 / 941,684 1 
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Budget Period 3 Activities 

Budget Period 3 began on November 18, 1995. The costs shown reflect operational expenditures 
along with major process improvements implemented in 1997. Operations and systems data 
collected during the year will assist in the demonstration and commerciahzation of the technology. 

Revised Baseline Budget 
(per Cont. App. for 

Actual Budget Period 3 
Cumulative Spending 

DOE Reportinp and Deliverables 

Spending and budget reports were submitted on both a monthly and quarterly basis according to 
the requirements of the Cooperative Agreement. Project reviews and Joint Venture quarterly 
reports were provided to the DOE. The following reporting requirements were submitted in 
accordance with Attachment C, sections 6 and 7 of the Cooperative Agreememt: 

* Project Management Plan 

l Environmental Monitoring Reports 

l Operations Summary Reports 

Other Activities 

Several public relations and education activities were carried out in 1997. Appendix C (Tab C) 
provides a list of selected public information and trade and technical papers presented by Destec 
or PSI personnel related to the WRCGRP. 
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1998 ACTIVITIES AND MILESTONES 

Activities in 1998 will focus primarily on continued evaluation of new project installations and 
renewed focus on proper gasifier operations. Major activities for 1998 will include the following: 

Evaluation of the Dry Char system element metallurgy. 

Evaluate gasifer temperature control to aid in prevention of ash deposition. 

Achieve an increasingly effective understanding of the systems and subsystem 
operating characteristics. 

Maintain/improve the expected dispatch orders in the Cinergy system. 

F&ill the provisions of the Environmental Monitoring Plan. 

Obtain the data base and experience-base necessary to advance and meet the 
commercial markets for the technology. 

Other Activities 

Other activities of signi&ance include meeting the DOE review and reporting requirements and 
further development of effective operations and maintenance programs. During 1998 community 
relations and education programs will be continued. 
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Slag flows continuously 
through the tap hole of the first 
stage into the water quench 
bath, located below the first 
stage. The slag is then crushed 
and removed through a 
continuous pressure let-down 
system as a slag/water slurry. 
This process of continuous 
slag removal is compact; 
minimizes overall height of the 
gasitier structure; eliminates the high-maintenance requirements of problem prone lock hoppers; 
and completely prevents the escape of raw gasification products to the atmosphere during slag 
removal. 

The slag slurry leaving the pressure let down system flows into a de-watering bin. The bulk of the 
slag will settle out in this bin, while the water overflows a weir at the top of the bm to a settler in 
which the slag tines are settled and removed. The clear water gravity flows out of the settler and 
is pumped through heat exchangers where it is cooled as the tinal step before being returned to 
the gasitier quench section. De-watered slag is loaded into a truck or rail car for transport to 
market or its storage/disposal site located on the south end of the Wabash River Generating 
station. The fines slurry Tom the bottom of the settler is recycled to the slurry preparation area. 
The de-watering system contains de-watering bins, a water tank, cooler and water circulation 
pump. AU tanks, bins, and drums are vented to the tank vent collection system to limit fugitive 
emissions. Triplicate analysis of the slag collected during a three day operational period in May 
while on coal and producing full power from the steam and combustion turbines, show a stable 
slag quality (see Table 2-11 - Slag Analysis Summary in Appendix E - Environmental Testing). 
During the second quarter of the year, extensive environmental testing was completed. 

1997 HOURS OF OPERATION 

1QTR 2QTR 3QlR 4QTR 

/IOn Coal -Methane +-Coal/Methane Mix 1 

During GSI’s operational campaigns in 1997, 
the gasiiier operation improved over 1996 by 
producing over 6,213,800 MMBtu’s of 
product syngas compared to 1996 production 
of over 2,767,700 MMBtu’s. This represents 
an increase of approximately 224% over the 
previous year. The gasifier operated on coal 
for over 3,650 hours. During heatup 
operations, the gasifier operated on methane 
and a blend of coal/methane for over 1490 
hours. It again must be noted that syngas 
generated during heatup operations is not 

suitable for use as fuel for the combustion turbine and that coal/methane mix is simply a transition 
step from methane heat-up to coal operation. Methane operations indicated in the graph indicate 
methane and coal/methane mix hours for heat-up of the gasifier and associated equipment and the 
transition onto mll coal operations. 

#DE-FC21-92MC29310 19 



Appendix A 
Glossary of Acronyms 

CAAA 

CCT 

CGCC 

cos 

DOE 

EPA 

HHV 

HRSG 

IDEM 

ISEP 

LGTI 

NEPA 

husp3 

P&ID 

PMP 

PON 

WRCGRP 

Clean Air Act Admendments 

Clean Coal Technology 

Coal Gasification Combined Cycle 

Carbonyl Sulfide 

Department of Energy 

Environmental Protection Agency 

Higher Heating Value 

Heat Recovery Steam Generator 

Indiana Department of Environmental Management 

Ion Separation unit 

Louisiana Gasification Technology, Inc. 

National Environmental Policy Act 

National Pollutant Discharge Elimination System 

Piping and Instrument Drawings 

Project Management Plan 

Program Opportunity Notice 

Wabash River Coal Gasification Repowering Project 



Appendix B 
List of Figures 

Figure 1 

Figure 2 

Figure 3 

Figure 4 

Figure 5 

Figure SA 

Figure 6 

Figure 7 

Figure 8 

Figure 9 

Figure 10 

Figure 11 

General Site Map 

Site Map on Wabash River 

Project Plot Plan 

Photograph 

Process Schematic 

Figure 5 - Continued 

Block Flow Diagram 

Photograph 

Project Organization 

Project Milestones 

Project Plan 

Plant Operation Statistics 
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Figure 1 General Location Map Showing the Site of the Project 



P, 
\ \ 
:, !, 
\: 
‘i 

L...-..-.. 
-j 

I 

1 ;. 



- 

.:: .~ 

~. :, 

,,:: 

:, 
~.. ,,‘. 

1~:’ 

~..~- 
,,,’ 

I. 

I. 

CI 
Z! 

;~ 

,:::,!~:,.~a 
~/,.,-;~ 

7zz 
..~. 

n 
.;.,. ~. ~~; 

: 

:; 2: :n 
.z $ 

2 P. 







I / k, ’ I.+--+ 4: ‘1 



5 
5 .- cl 
5 
ix 
-5 
0 

m 



Figure 7 

1. Existing Wabash Station 
2. Existing coal transfer tower 
3. Gas turbine building 
4. Heat recovery steam generator 
5. Coal receiving silo 
6. Gasifier 
7. Cooling Tower 
6. Oxygen plant 
9. New substation 
10. Existing coal pile 
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PLANT OPERATION STATISTICS 
1997 

GASIFICATION PLANT 

PERFORMANCE DATA 
Coal Gas Efficiency 
Gasifier on Coal (Hours) 
Gasification Plant Capacity Factor (Produced) 
Gasification Plant Capacity Factor (Delivered) 

PRODUCTION DATA 

Syngas on Spec (MMBtu) 
1600# Steam (Mlbs) 
Sulfur (Mlbs) 
Slag, Moisture Free (Mlbs) 

DELIVERED PRODUCTION 

Actual Syngas Delivered (MMEk) 
1600# Steam (Mlbs) 

MATERIAL/ENERGY USED 

Coal, Moisture Free (Tons) 359,294 
coal @fMlsLl) 8,910,112 
Intermediate Pressure Steam (Mlbs) 145,352 
Electrical Power, Total (MWh) 260,094 
Oxygen (Tons) 328,599 
Fuel Gas (Mlbs) 19,129 

POWER PLANT 

PERFORMANCE DATA 

Combustion Turbine Operating Hours (Syngas) 
Combustion Turbine Operating Hours (Total) 
Steam Turbine Operating Hours 

PRODUCTION DATA 

Combustion Turbine Generator (MWH) 
Steam Turbine Generator (MWH) 

72.0% 
3,885 

39.9% 
38.0% 

6,214,864 
1,720,229 

17,213 
51,418 

5,926,875 
1,641,232 

3,701 
4,261 
4,116 

725,054 
361,823 

Figure 11 



Appendix C 
LISTING OF TECHNICAL PUBLICATIONS 

(PUBLIC INFORMATION) 

January 
1997 

February 
1997 

October 
1997 

“Wabash River Coal Gasification 
Repowering Project - First Year Operating 

Experience” 
Presented at the Fifth Annual Clean Coal 
Technology Conference in Tampa, Florida 
Coal Power Systems Technology Workshop 

Presentation 
“Operating Experience at the Wabash 
River Coal Gasification Repowering 

Project” 

E.J. Troxclair 
(Destec) 

Jack Stultz 
(PSI) 

Phil Amick 
(Destec) 

Richard Payonk 
(Destec) 

October 
1997 

Presented at the 1997 Gasification 
Technologies Conference in 
San Francisco, California 

“Operating Experience at the Wabash 
River Coal Gasification Repowering 

Project” 

Phil Amick 
(Destec) 

Presented at the Korea Electric Power 
Research Institute’s 2nd IGCC Workshop 

in Seoul, South Korea 



Appendix D 
Run Documentation and Production Graphs 

Run Documentation 
2ti Commercial Year Downtime Analysis 
Operational Run Periods for 1997 
Monthly Plant Performance Data 
1997 Cold Gas Efftciency 
1997 Hours of Operation 
1997 Gasitler Hours on Coal 
1997 Produced Syngas 
1997 1600# Steam Produced 
1997 Sulfur Produced 
1997 Slag Production 
1997 Delivered Syngas 
1997 Delivered #1600 LB Steam 
1997 Feed to Gasifier 
a!997 Monthly Power Production 
1997 Energy Utiliration (Gasifier) 
1997 Electrical Energy Utiiization 
1997 Coal Feed to Gasifier 
1997 Total Sulfur Emissions 
1997 Pounds of S02/MMBtu of Coal Feed 



complete cleanout of ash deposition in 
waste heat boiler inlet channel and 

boiler high pressure steam drum causet 
by frozen BFW pressure transmitter 

PSI request due to failed hein joint on 
as feed valve to CT. 

#DE-FCZI-92MC29310 



boiler feedwater to waste heat boiler. 

h4AR97 3114197 3122197 194.97 Transferred off of coal operation due 
E 14:Ol 16:59 Hours to minor failure within BFW make-up 

Hours Hours line to the Rx Device CW System. 

MAR97 3129197 3129197 3.28 Gasifier trip off coal due to loss of PSI 
F 14:ll 17:28 Hours boiler feedwater to waste heat boiler. 

Hours Hours 

MAR97 3129197 418197 228.15 Gasitier trip on low oxygen to me1 
G 2154 IO:03 Hours ratio due to loss of air flow to cold bol 

APR97 Hours Hours during failure of DPU#l multi-point 
A fuse and subsequent oxygen delivery 

shortage 

#DE-FC21-92MC29310 



to PSI. CT Nox injection valve 
problems precluding acceptance of 

feed flow instability 

difficulties. Gassier 

JUN97C 6/l 9/97 6122197 
09:45 21:09 
Hours Hours 

83.40 
Hours 

Transferred off of coal operations due 
to high differential pressure in chloride 
scrubbing system packing. 

#DE-FC21-92MC29310 



SEP97C 9/28/97 1 o/7/97 222.58 
OCT97 14:43 21:18 Hours 

A Hours 

OCT97 1 O/l 2197 10/12/97 10.20 
B 12:31 22:43 

Transferred off coal due to the syngas 
leak on the extraction gas flow meter, 
AAI(479). 

Gasitier trip off coal operations due to 
main slurry feed flow instability 
induced by P- 11 OA/B. 

Gasifier tripped on low 02:coal ratio 
due to loss of oxygen. Loose fuse in 
ASU caused oxygen vent valves to 
open. 

Transferred off of coal operation due 
to high ,sultkr in the product gas. C- 
170 tray damage and faulty product 
gas analyzer contributed. 

Transferred off of coal operation due 
to high boiler differential pressure and 
high boiler outlet temperature. 

Gasitier tripped on oxygen to coal 
ratio. Slurry magmeters were reading 
erroneously. 

Gasitier tripped on loss of boiler feed 
water from PSI. 

Transferred off coal operation due to 
high C-170 dp as a result of salt build 
up in the column. 

Transferred off coal operation due to 
failed M-120A slurry mixer. 

#DE-FC21-92MC2Q310 



RUN 1 START 1 FINISH 1 DURATION 1 REASONFORTERMINATION 

NOV97 1 l/4/97 
A 21:54 

NOV97 1 l/6/97 
B 17:17 

NOV97 1 l/10/97 
C 22:oo 

NOV97 1 l/12/97 
D 14:02 

NOV97 1 l/14/97 
E 19:46 

NOV97 1 l/22/97 
F 9:16 

NOV97 11123197 
G 2:lO 

NOV97 1 l/26/97 
H 7:40 

NOV97I 1 l/26/97 
19:46 

DEC97 12/19/97 
A 16:17 

DEC97 12/20/97 
B 16:15 

gasiIier differential 

12120197 
7:oo 

14.72 Manual trip of gashier due to syngas 
leak on dry char secondary filter, V- 
158G. 

12/30/97 
17:39 

241.40 Manual trip of gasifier due to failed 
decant filter in T-l 40C. 

#DE-FC21-92MC29310 



WRCGRP 2’@ Commercial Year Downtime Analysis 
(Through November 30,1997) 

Principle Area (sub-totals) Attributable 
Downtime 

HOW-S 

Delays starting CT 37 I 
CT Frame Blower Failure 27 I 

Primary VW 
Primary Vessel Inlet Val 

Low Temperstsrp Her* 
C-165 Packing ueposmon (tars, I I I I 
Chloride Scrubbing System Incident Damage Repair 220 

I ?!a I I I 
- ..- 

E-l 50 Outlet Te 

s i 
Acid Gas S st 

‘1” 

PSV- I 80 Fal 
c-170 notre 
C- 170 hi cnwa GULW 



WRCGRP 20d Commercial Year Downtime Analysis 
(Through November 30,1997) 

Principle Area I Attributable 
Downtime 

HOWS 

Percentage at 
TOtEll 

Downtime I 

% of Total 
Downtime 

WI0 SBOH 

Instrument Failure 37 0.78% 1.30% 
Noise Curtailment (CT Valve Problems) I3 0.28% 0.46% 
Slag System I2 0.26% 0.43% 

Plugged Chokes 16 
Freeze Protection Failures 6 0.14% 0.23% 
Sulfur Recovery Unit 5 0.11% 0.18% 

TotaI Hours of Downtime 46% 100% I 
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Monthly Plant Performance Date 

PERFORMANCE DATA 

Coal Gas Efficiency 
Gasifier on Coal (Hours) 

JAN m 

68.70 71.31 
151.15 3909 

MAR APR 

73.11 74.f 
393.38 197.1 

31 74.3 il 
35 311.6 i6 

Syngas on Spec (MMBtu) 198422.2 632819.: 663668.6 3281s I9 507536. 5 
1600# Steam (Mlbs) 62445.2 169459.2 169046.5 8401 15 140810. 5 
Sulfur (Mlbs) 802 1253.: 1819.8 113 I3 1270. a 
Slag, Moisture Free (Mlbs) 1706 5316.1 5472.9 2742 .8 4315. ,7 

DELIVERED PRODUCTION 

Actual Syngas Delivered (MMBtu) 160091.3 607035.: 633746.8 317328 .3 478090, ,7 
1600# Steam (Mlbs) 53890.4 166675.f 163834.1 82511 .l 134278. ,4 

MATERIAL/ENERGY USED 

Coal. Moisture Free (Tons) 
Coal (MMBtu) 
Intermediate Pressure Steam (Mlbs) 
Electrical Power. Total (MWh) 
Oxygen, (Tons) 
Fuel Gas (Mlbs) 

14528.6 41709.’ 
311726 89491 a 

13084.7 16773.’ 
21373.3 21446.: 
11699.2 33338.: 

1863 1392.: 

42339.1 20503 .l 
908427.6 439914 .6 

I 15620.6 
! 23717.2 
5 34010 
3 1951 

7170 
12483 

32322, .4 
693510, .2 

13330 .5 
19312 .3 
27598, .6 

2036, .I 

PLANT EMISSION DATA 

Average Total Sulfur in Syngas (ppm) 
Total SO2 Emissions (Ibs) 
S02. (Total Plant Ibs/MMBtu of Coal Feed) 

102.51 123.1: 
35181.3 9131’ 

0.109 0.10’ 

POWER PLANT PRODUCTION DATA 

Combustion Turbine Generator (MWh) 
Steam Turbine Generator (MWh) 
Total Gross Generation (MWh) 
Total Syngas Generation (MWh) 

109.71 
79597.1 

0.077 

27105 7275 
12282 3684: 
39387 10959; 
27830 27831 

870 

104.: 
34M 
O.o( 

3971 
1851 
5821 
537! 

07.5 15 
48357 .7 

0.(x 53 

77071 
37175 

114246 
107336 

5914 15 
301: ‘4 
893’ I9 
829! 57 



Monthly Plant Performance Date 

PERFORMANCE DATA 

Coal Gas Efficiency 
Gasifier on Coal (Hours) 

JUN JUL 

75.33 73.8 
262.33 376.e 

i5 
18 

AUG &gp a 

73.14 75.44 76.12 
585.2 413.39 175.54 

PRODUCTION DATA 

Syngas on Spec (MM’&) 426956.6 6111E 12 959154.5 626636.7 258602.6 
1600# Steam (Mlbs) 121731.5 176069, .7 259998.5 182914.3 77590.4 
Sulfur (Mlbs) 1112.4 1662, .2 2549.8 1494.5 922.6 
Slag, Moisture Free (Mlbs) 3474.7 5095 .2 7951.5 5275.8 2188.3 

DELIVERED PRODUCTION 

Actual Syngas Delivered (MMBtu) 406565.5 592472 .3 936909.1 600515 249046.4 
16OC# Steam (Mlbs) 113389.2 174728 .l 257471.4 171188.4 70244.9 

MATERIAL/ENERGY USED 

Coal, Moisture Free (Tons) 26547.2 38756 .3 61599.7 39409.1 15947.5 
Coal (MMBtu) 569597.7 831554 .5 1321684 845561.4 342170.2 
Intermediate Pressure Steam (Mlbs) 12339.9 13573 .9 16616.1 13770.3 8670.3 
Electrical Power, Total (MWh) 22498.6 25472 .4 25472.4 24650.8 22413.1 
Oxygen, (Tons) 22316 32372 .a 49357.5 33235.6 14374.9 
Fuel Gas (Mlbs) 1722.7 1499 .5 1418.9 1056.3 1475.5 

PLANT EMISSION DATA 

Average Total Sulfur in Syngas (ppm) 
Total SO2 Emissions (Ibs) 
S02, (Total Plant Ibs/MMBtu of Coal Feed) 

120.95 151.1 
60749.5 130027 

0.095 O.ld 

16 
.3 
62 

11 
12 
13 
31 

170.03 224.51 200.97 
211043.9 123107.6 61806 

0.156 0.136 0.154 

POWER PLANT PRODUCTION DATA 

Combustion Turbine Generator (MWh) 
Steam Turbine Generator (MWh) 
Total Gross Generation (MWh) 
Total Syngas Generation (MWh) 

53235 7051 
26409 359, 
79644 1084 
67781 991! 

108784 70671 30132 
55249 37350 16012 

164033 108021 46144 
106411 101672 44042 



Monthly Plant Performance Data 

PERFORMANCE DATA 

Coal Gas Efficiency 
Gasifier on Coal (Hours) 

w Q&z 

05.47 72.72 
370.89 255.95 

PRODUCTION DATA 

Syngas on Spec (MMBtu) 572828.2 427859.9 
18OC# Steam (Mlbs) 158837.4 119472.4 
Sulfur (Mlbs) 2118.8 1053.3 
Slag, Moisture Free (Mlbs) 4337.2 3481.2 

DELIVERED PRODUCTION 

Actual Syngas Delivered (MMBtu) 529646.9 415397.3 
1800# Steam (Mlbs) 141423.4 111598.8 

MATERIAL/ENERGY USED 

Coal, Moisture Free (Tons) 31308.1 27853.9 
Coal (MMBtu) 871703 597832.7 
Intermediate Pressure Steam (Mlbs) 14513.3 8961.2 
Electrical Power, Total (MWh) 23282.8 18018.2 
Oxygen, (Tons) 31380 22089.3 
Fuel Gas (Mlbs) 1989.8 813.2 

PLANT EMISSION DATA 

Average Total Sulfur in Syngas (ppm) 883 79.33 
Total SO2 Emissions (Ibs) 73849.3 89657.3 
S02, (Total Plant lbs/MMBtu of Coal Feed) 0.091 0.108 

POWER PLANT PRODUCTION DATA 

Combustion Turbine Generator (MWh) 88918 48978 
Steam Turbine Generator (MWh) 31839 24277 
Total Gross Generation (MWh) 98577 73255 
Total Syngas Generation (MWh) 75931 89437 
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APPENDIX E 

ENVIRONMENTAL TESTING 

In May of 1997, GSI contracted with TRC Environmental Corporation to complete 
comprehensive environmental testing of both proprietary and non-proprietary 
streams within the Gasification facility. Included herein, is the results of that 
comprehensive analysis program for the following non-proprietary locations: 

Tail Gas Incinerator Stack 
Sweet Syngas Stream (Product Gas) 
Equipment Leak Fugitive Emissions 
Coal Slurry 
Slag 
Sulfur 
Process Wastewater 

Additionally you will find a COPY of the Lab Report deal,ing with detailed analysis of 
the solids streams entitled “Solids Sampling Certificate of Analysis” which was also 
included in this comprehensive analysis. 



ENVIRONMENTAL TESTING 
1997 

In May of 1997, GSI contracted with TRC Environmental Corporation to complete 
comprehensive testing of both proprietary and non-proprietary streams within the 
Gasification facility. The purpose of this testing was to prove the environmental integrity 
of the gasification process and to facilitate continued ways to improve upon the 
environmental performance. 

During this testing period, the plant was operating at maximum capacity based on 
combustion turbine and steam turbine demand. Hawthorne coal was being utilized as the 
primary feedstock and no other unusual activities or trials were underway during this 
testing period. The values for all the parameters tested should indicate maximum 
concentrations under normal operating conditions. Tail gas recirculation rate and 
AGlUSRU performance are the only variables that would have an effect on the emissions 
as indicated. During this testing period, the AGR and SRU were operating within the 
normal guidelines of the manufacturer and the tail gas recirculation rate was operating 
within its normal flow. Other information that may have affected the results of this 
comprehensive testing are indicated within the body of the 1997 annual report or 
contained within the Appendices. It should be noted however, that every effort was made 
during this testing period to maintain a stable, consistent operation of the gasification 
process and to maintain the combustion turbine and steam turbine at peak load. Results 
of this testing were used to confii our initial air permit application and must meet the 
demands of the EPA for quality of analysis and operational statistical recovery. 



Table 2-5 

Emissions Summary 
Site Location 7 -Tail Gas Incincrater Stack 

Stack Gas Propertics’ 

Stack Temperature “F 488 476 466 476 
Moisture % 13.5 11.0 10.7 11.7 
Volumetric Flow Rate, Actual acfm2 14760 13927 13631 14106 
Volumetric Flow Rate, Dry Std dscfm’ 702 1 6943 6896 6433 
Volumetric Flow Rate, Dry Srd dscmihr 11930 11798 11718 11516 

Emissions Concentration 

Antimony 
Arsenic 
Cadmium 
Chromium 
Cobalt 
LManganeseS 
Mercury 
Nickel 
Selenium 

mg/dscm 
mg/dscm 
mg/dscm 
mgidscm 
mgidscm 
mgidscm 
mg/dscm 
mgidscm 
mgdscm 

co.092 
a092 

<4.59E-03 
<9.18E-03 
<9.18E-03 

48.8 
4.61E-03 
CO.018 
CO.092 

<9.12E-03 
0.020 

<4.56li-04 
7.62E-03 

<9.12E-04 
0.050 

2.95E-03 
2.96503 

<9.12E-03 

<9.32E-03 
0.008 

<4.66E-04 
9.54E-03 
1.5lE-03 

0.022 
4.54E-03 
4.44E-03 
<9.32E-03 

<9.22E-03 
0.014 

<4.6lE-04 
8.58E-03 

<1.2lE-03 
0.036 

3.75E-03 
3.7OE-03 

<9.22E-03 

Particulate Matter (total) grains/dscf 0.030 0.042 0.007 0.026 
Particulate Matter (PM101 grainsldscf 0.006 0.005 0.003 0.005 
Sulfuric Acid mgdscm 93.0 no data4 59.0 76.0 

Hydrogen SuKde 
BUlZUle 
Toluene 
Ethyl Benzene 
Total Xylenes 

pp*v 
PP*” 
pp*v 
w*v 
pp*v 

<0.040 
co.047 
0.056 
0.150 

co.047 

<0.040 
~0.048 
~0.048 
<0.048 
~0.048 

<0.040 
0.250 
co.047 
0.082 

<0.017 

co.040 
co.115 
co.050 
co.093 
co.047 

AINll0FUa 

Cyanide 
Phenol 

mgidscm 
mgidscm 
mg/dscm 

29.2 
al58 
<O.-l42 

c3.51 
co.134 
co.445 

c2.71 
<0.115 
<0.441 

<Il.8 
co.136 
co.443 

Hydrogen 
Methane 
Carbon Dioxide 
0\ygUl 
Carbon Monoxide 
Sulfur Dioxide 

w*v 
PP”‘” 
%-dry 
%-dry 
w* 
pp* 

Cl90 
GO.0 
19.5 
10.1 

Cl.00 
1463 

Cl90 
<?O.O 
15.6 
10.4 

<I.00 
713 
178 

Cl90 
GO.0 
13.3 
11.7 

Cl.00 
732 

Cl90 
QO.0 
16.1 
10.7 

4.00 
970 
177 LNitrogcn Oxides ppm 

05/20/97 0.5/21/97 05/22/97 AVCElgC 

19 



Table 2-5 

, 

Emissions Summary 
Site Location 7 -Tail Gas Incinerater Stack 

‘.Mass Emission Rate 

Antimony Ibsihr 
Arsenic lbslhr 
Cadmium lbsihr 
Chromium Ibs/hr 
Cobalt Ibs/hr 
IManganese’ lbsihr 
MerCUty lbs/hr 
Nickel Ibs/hr 
Selenium Ibs/hr 

Particulate Matter (total) 
Particulate Matter (PMlO) 
Sulfuric Acid 

Ibs/hr 
Ibv’hr 
lbslltr 

Hydrogen Suttide 
Benzene 
Toluene 
Ethyl Benzene 
Total Xylenes 

Ibs/hr 
lbsihr 
lbs/hr 7 
Ibs/‘hr 
lbsihr 

AmmOnit 
Cyanide 
Phenol 

lbs/hr 
Ibs/hr 
lbsihr 

Hydrogen 
Methane 
Carbon Monoxide 
Sulfur Dioxide 
Nitrogen Oxides 

lbsihr 
lbsihr 
lbslhr 
Ibs/hr 
lbsihr 

(Continued) 

05/20/97 

<2.41E-03 
QJlE-03 
<1.21E-04 
<2.41E-04 
<2.JlE-01 

1.28 
1.21E-04 

<4.83E-04 
<2.41E-03 

<2.37E-O-1 
5,08E-01 

<l.l9E-05 
1.98E-04 

<2.37E-05 
1.29E-03 
7.68E-05 
7.70E-05 

<2,37E-04 

~2.41E-01 <2.39E-04 
2.07E-04 3.58E-04 
<1.20E-05 <l.l9E-05 
2.47E-04 2.22E-04 
3.9OE-05 <3.l-IE-05 
5.69E-04 9.30E-04 
l.l7E-04 9.71E-05 
l.ljE-04 9.58E-05 

<2.4lE-04 <2.39E-04 

1.79 2.36 0.42 1.52 
0.37 0.27 0.19 0.25 
2.43 no data! 1.52 1.98 

<1.49E-03 
<&OlE-03 
5.63E-03 

0.017 
<4.01E-03 

<1,47E-03 
<4.05E-03 
<4.7SE-03 
<5.51E-03 
<J.OSE-03 

<1.46E-03 <1.47E-03 
co.021 <1.2%-02 

<4.64E-03 <4.71E-03 
9.34E-03 <7.42E-03 

<3.91&03 <I.OOE-03 

0.767 
a004 
co.012 

co.091 
<0.003 
<0.012 

<0.070 
<0.003 
<O.Oll 

<O.OSl 
<0.003 
co.01 1 

co.419 
CO.372 
co.03 1 

102 
9.3s 

co.415 
CO.368 
-a030 

49.5 
8.84 

CO.412 co.413 
CO.363 co.367 
4030 <0.030 

50.4 67.4 
8.25 8.82 

- 
1 - Stack gas properties were taken from Method llZStl”g. 
2 - acfm = actual cubic feet per minute. 
3 - dscfm = dly standard cubic feet per minute at 6S”F and 29.92 in. Hg 
4 - Sample was accidentally broken at the laboratory 
5 KMnO, contaminated HNOV’H-I:OZ in sample 1 with manganese due to sampling train backllush. Sample 1 data 

was not included in average. 

W21/97 05/22/97 
- 
I -r 

AYerage 
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Table 2-G 

Process Gas Analysis Summary 
Site Location 8 -Sweet Syngas 

DATE 
SAMPLE NUMBER 
TIME 

Process Gas Protxrtics 

Temperature 
Moisture 
Volumetric Flow Rate, Dry Std. 
Volumetric Flow Rate, Dry Std. 
co2 
02 

Hvdrown Sultide 

- - 3[ 3[ 
05120/97 

1 I I .7:55-IS:59 

OF 417 
% 1.21 
dscfm’ 1 7405 
dscmihr 12583 
%-dry 17.0 
%-dry Cl.00 

Concentration pm 88.4 
Process Flow rate lbsihr 3.45 1’ 1’ 
1 - dscfm = dry standard cubic feet per minute at 6ST and 29.92 in. I 1 - dscfm = dry standard cubic feet per minute at 6ST and 29.92 in. I 

05/21/97 
2 

10:35-11335 

418 
1.74 
7500 
12744 
17.0 

Cl.00 

41.6 
1.66 

05/22/97 
3 

l7:30-08:30 

429 421 
2.44 1.80 
7526 7477 
12788 12705 
17.0 17.0 

Cl.00 Cl.00 

36.0 55.3 
1.44 2.19 

Data provided by Dertec. 
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Table 2-7 

Plant Air Sampling Summary 
Site Location 16 -Equipment Leaks 

SAMPLE LOCATION 
DATE 
I 

Hydrogen 
Concentiation 
Concentration 

0% 

wmv 

Methane 
Concentration 
Concentration 

BCWLCIW 
Concentration 

TUIUCIIC 
Concenlration 

METHOD 18 

% 

pwv 

wmv 

ppmv 

Time 

Hydrogen Sultidc 
Concentration ppmv 

METHOD 18 (NIOSH 1501) 
Time 

Naphthalcne 
COllC~~tr&Xl 
CO~CC~W.?tiOll 

pplitcr 
ppmv 

2 
S/20/97 

16:40-17:OO 
<I.00 
<I.00 

16:40-17:45 

co.0 19 
Cl90 

<0.002 
c20.0 

co.047 

a047 

16:40-17:OO 

co.040 

16:40-l&40 

CO.083 
<0.016 

- 
I 

- 

3 
S/21/97 

S 
s/22/97 

10:30-l I:30 
<I.00 
<I.00 

07:30-08:30 
<I.00 
4.30 

10:30-II:30 07:30-OS:30 

<0.020 <0.018 
<200 ~180 

co.002 
<20.0 

<0.002 
c20.0 

a005 <O.OOj 

a005 0,005 

10:30-11:30 0730.08:30 

a040 0.047 

10:30-I?:30 07:30-09:30 

~0 083 <0.053 
CO.016 <0.016 

- 
I 

- 

AVERAGE 

<I.00 
a10 

40 19 
Cl90 

co.002 
eo.0 

a019 

co.019 

<0.042 

<0.083 
<0.016 
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Table 2-8 

Plant Air Sampling Summery 
Site Location 17 - Slurry Preparation 

12:00-20:oo 1.2:00-20:oo 07:35-14:40 
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Table 2-9 

! Cod Slurry Analysis Summary 
Site Location 1 

Antimony 
Arsenic 
Cadmium 
Chromium 
Cobalt 
MaIlganeSe 
MWUIy 
Nickel 
Selenium 

rhutp n nictds 

Aluminum 
Btium 
Beryllium 
Boron 
Calcium 
Copper 
Iron 
Lead 
Magnesium 
Molybdenum 
Phosphorous 
Potassium 
Silicon 
SilVU 
Sodium 
Thallium 
Vanadium 
Zinc 

Ultimate An:rlvsis 

Carbon 
Hydrogen 
Nitrogen 
o\ygen 
.S!diir 
Ash 

TCLP (total) 

mdkg 
mg/kg 
%Q 
mdkg 
0s 
mg/kg 
mgikg 
mgikg 
w@ 

0% 
0% 
0% 
% 
% 
% 

wu- 

1 2 3 
5/20/97 S/21/97 s/22/97 

AVERAGI 

<lO.OO c10.00 <IO.00 <lO.OO 
<lO.OO <moo <lO.OO <lO.OO 
CO.50 450 co.50 as0 
4.71 4.21 4.67 4.55 
1.78 1.54 1.69 1.67 
13.6 10.8 11.8 12.07 

CO.08 <0.0X CO.08 <O.OSO 
5.5 4.18 5.22 4,97 

<IO.00 <lO.OO <lO.OO <lO.OO 

361 271 338 323.33 
6.93 4.88 7.2 6.34 
1.3 0.976 1.27 1.18 
104 81.6 112 99.20 

2250 1480 1630 17s7 
3.74 2.89 3.15 3.26 
6840 S350 5290 5827 
+OO -600 G.00 cS.00 
342 236 288 289 
Cl.0 Cl.0 Cl.0 Cl.0 

28.00 21.80 6.20 18.67 
129 99.8 124 118 
155 133 169 152 

Cl.0 CJ.0 Cl.0 Cl.0 
528 3S 1, 304 394 

c20.0 ao.0 <20.0 c20.0 
10.30 8.67 9.75 9.57 
XSO 27,90 25.70 26,70 

69.65 69,33 67.98 69,OO 
4.79 4.72 4.66 4.72 
l.S3 1.40 1.44 1,46 

12.03 13.3s 13.33 12.90 
0.26 0.17 0.44 0.29 
11.66 10.97 12.05 11.56 

<0.342 <I.01 CO. 787 co.713 
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Table 2-10 

Sour Water Analysis Summary 
Site Location 4 

SAMPLE NUMBER 1 2 3 AVERAGE 
DATE Sl20/97 5121/97 s/22/97 

PH 9.05 8.35 8.34 8.58 

Ammonia m&N 865 1710 1880 1485 

Cyanide m@. 3.12 2.16 3.73 3.00 

S&ides ma 7.62 8.62 9.62 8.62 

I! I I I I 
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Table 2-11 

Slag Analysis Summary 
Site Location 10 

Carbon Content 20.44 15.02 11.55 15.67 

Moisture Content 41.25 30.5 18.73 30.17 

Group I Metals 

Antimony 
Arrenic 
Cadmium 
Chromium 
Cobalt 
M.WlgalW 
MerUy 
Nickel 
S&niUIIl 

c10.0 c10.0 c10.0 ao.0 
<IO.0 c10.0 c10.0 c10.0 
<o.so <OS0 co.50 co.50 
29.1 35.2 24.5 29.60 
4.73 5.69 5.62 5.35 
33.6 36.8 29.4 33.3 

co.08 <o.os CO.08 <o.os 
24.8 21.3 22.6 22.9 

c10.0 c10.0 c10.0 ao.0 

Group II Metals 

Aluminum msikg 7610 10400 7470 8527 
Barium mg/kg 34.4 45.1 31.1 37.9 
Beryllium mg/kg 1.78 2.5 1.81 2.03 
Boron Wk 106 157 122 128 
Calcium w& SSIO 10600 8350 9253 
Copper w% 10.3 11.7 13.9 12.0 
Iron mg/kg 16300 18600 16900 17267 
Lead m&z 7.41 8.07 9.07 8.19 
Magnesium WN 1320 1610 1220 13s3 
lMoiybdenum w% 5.09 2.0-I 2.78 3.30 
Phosphorous m&P 117 <0.020 <0.020 c39.0 
Potassium m@ikg l5SO 2010 1370 16S7 
Silicon w% 1190 1490 941 1207 
Sil\u wk Cl.0 11.0 Cl.0 Cl.0 
Sodium WY%3 779 905 546 743 
Th~lliUllI m@. co.40 <0.40 co.40 a40 
Vanadium w& 21.90 30.40 23.00 25.10 
Zinc mgkg nso 38.10 moo 32.97 

TCLP (total) mg/L <0.406 

26 

co.735 <0.904 co.652 

1 
S/20/97 

2 
5121197 

3 
s/22/97 

AVERAGE 



Table 2-12 

Sulfur Analysis Summary 
Site Location 11 

SAMPLE NUMBER 1 2 3 AVERAGE 
DATE s/20/97 s/21/97 w2197 

TCLP (total) mg/L 0.904 0.111 0.158 0.391 
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Table 2-13 

Process Wastewater Analysis Summary 
Site Locntion 13 

Priority Pollutant BNA’s 

PH 
Acidiiy 

Alkalinity 
Conductivity 
Total Solids 
Total Suspended Solids 
Total Dissolved Solids 
BOD (5 day) 
COD 
Total Oxygen Demand 
TOC 
Total Inorganic Carbon 
Oil & Grease 
AIMllOIhN 

Cyanide 
F0lXlate 

Phenols 
Thiocyanate 
Sulfides 
Sultites 
Sulfates 
Chlorides 
Fluorides 
Nitrates 
Nitrites 

Groun I Metals 

Antimony 
AWtliC 

Cadmium 
Chromium 
Cobalt 
MWl~~XlCSC D 
Mercury 

Nickel 
Selenium 

mgL CaCO: 
m$CcaCO. 

ma 
WJ- 
ma 
mu- 
m@- 
mg/L 
mgR. 
mgL 
mg/L 

mgiLN 
m%iL 
ww 
ma 
t&ml 
m& 
mp/z 
wJ- 
ma 
va 

WQ-N 
mg/LN 

- 

1 

3 
3 

- 

1 2 3 
S/20197 5121197 5122197 

c10.0 c10.0 <IO.0 
8.32 8.89 9.46 

c10.0 c10.0 c10.0 

290 229 114 
4690 4070 1930 
3450 2960 1450 
c10.0 c10.0 <IO.0 
3450 3030 1430 
169 ~6.0 60.8 
323 255 91.2 
492 261 I,52 
136 116 35,4 
109 110 32,3 

c5.0 G.0 6.0 
12.8 20.3 2.68 
12.7 8.1 3.33 
1.68 1.11 27.92 

a10 co. 10 a10 
11.89 7.63 2.79 

2.2 Cl.50 il.50 
c4.0 c4.0 NO 
1010 657 531 
770 730 262 
110 77.2 6.25 

4.88 4.02 3.02 
0.063 0.081 0.123 

co. 100 a 100 co. 100 
0.563 0.343 0.121 

<O.OOj <(I.005 <O.OOj 
0,010 <O,OlO a010 

a010 <O,OlO <O.OlO 
0.013 0.011 0.006 

<0.0002 <0.0002 <O.OOO? 
co.02 co.02 co.02 
1.68 2.04 0.1% 
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AVERAGE 

<lO.OO 
8.89 

<lO.OO 

211 
3563 
2620 
c10.0 
2637 

c78.60 
223 
302 

95.80 
83.77 
-3.0 
11.93 
8.04 
10.24 
a 10 
7.44 

Cl.73 
c4.0 
733 
587 

64.5 
3.97 

0.089 

co. 100 
0.342 

<0.005 
<O.OlO 
<O.OlO 
0.010 

<0.0002 
<0.020 

1.29 



Table 2-13 

Process Wastewater Analysis Summary 
Site Location 13 

(Continued) 

SAMF’LE NUMBER 
DATE 

1 
s/20/97 

2 
S/21/97 

- 
3 

S/22/97 I AVERAGE 

Group ll Mitals 

Aluminum 
Barium 
Beryllium 
BOKIII 
Calcium 
Copper 
Iron 
Lead 
Magnesium 
Molybdenum 
Phosphorous 
Potassium 
Silicon 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

mg/L 0.562 

WQ- 0.027 

.mg/L <0.002 

ma- 29.7 

ma 80.9 

mgfl. a020 

ma- 5.51 

mg/L <0.050 

W- 17.5 

mg/L 0.014 

mg/LP 0.865 

mg/L 11.7 

mg/L 2.88 

mgfl. a010 

w@- 989 

mglL a40 

mgfl. a010 

mg/L 0.078 

- 
J 

- 

0.655 0.134 0.450 
0.023 0.035 0.028 

a002 <0.002 <0.002 
43.2 3.04 25.31 
71.7 116 90 

<0.020 <0.020 <0.020 
3.22 1.44 3.39 

4050 cO.050 <0.050 
21.2 37.4 25.4 

0.013 0.018 0.015 
0.728 1.23 0.911 
9.80 13.6 11.7 
4.09 1.81 2.93 

<O.OlO ~0.010 a010 
861 259 703 

co.40 co.40 co.40 
-a010 <O.OlO -a010 
0.058 0.052 0.063 

1 - All semivolatile target compounds were below rhe mi nir mm quantita n limit of 10 pg.& Several 
compounds were detected at levels below the quantitation limit and estimated concentrations for 
these compounds are provided in the laboratory repon included in Appendix M. 
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CERTIFICATE OP ANALYSIS 

Client: 

TZC Environmental Corp. 
Ft of John St Bo3: Mills 
Lo~dell, MA 01852 

Aim: Ed I4acKinnon 

Ciorli Order ti: 97-05-181 
Client Code: TRC LOl5LL 
!?eTjort late: 06/G/97 
work ID: Samples for mutliple tests 
Date Received: 05/23/Yl 

purchase Order: 22'28003000000/Destek 

Lab Sample 
Number Descrintion 
01 Ccal Slurry DES-$1.COMP-1 
03 Coal Slurry DES-Il-COMP-3 
05 Sour Water DES-$-CO!"!?-2 
07 Slag DES-flO-Grab-l 
09 Slag DES-$10.Grab-3 
11 Sulfur DES-till-GW-2 

S.wPLZ IDKNTI'IC.ATION 

Lab Sample 
NUdDer Descriution 
02 Coal Slurry DES-$l-COW-' 
04 Sour Water DSS-P4-COW-1 
06 Sour Water DES-+4-COW-3 
08 Slag DES-llO-Grab-2 
10 Sulfur DES-kll-GPSS-1 
12 Suifur DSS-?,ll-GRAB-3 

Enclosed are the analytical results far the samples iisted 
above. Analyses were performed by the rethods referenced in 
the Test Methodologies S2C:iOn, while any special circum- 
stances are described in the Report Comments section. Unless 
otherwise noted, samale results are not moisture-corrected. 
~40s.t analytes are reported relative to an Estimated Quantita- 
tion Limit (EQL), which is the lowest concentration that can 
be reliably measured under routine laboratory conditions. 
Questions or comments concerning the enclosed results should 
b,e directed! to your Client Services Representative. 

Ultimate analysis was done at Galbraith Labs 
Grain size bias done at solar Lzbs 

Their reports are included 



Work Order t: 97-05-181 ROSS Analytical Services, ~nc 
UOOO!l;1 

Reported: 06/12/g7 

TEST MET.FODOLOGIES 

Ammonia was determined by distillation from alkali followed by manual titration 
as in EPA Method 350.2. 

pH was determined ir. aqueous liquids electrometrically as in E?.\ 150.1 and 

90103. It was determined as soon as possible after sam?le receipt. BeCclllSe the 
stated holding time for pH is "immediately [after collection]", this analysis 
was past its holding time. 

Sclfide was determined by iodometric titration as in EPA wthod 376.1 and 903OA. 

Total cyanide was determined bxy distillation followed by nanca? calorimetry ar 

in EPA Methods 335.2 and 901OA. 

Total phosphorus was determined by acid persulfate digestion followed by manual 
calorimetry as in E?A rlethoo 365.2. 

The bottle leaching step of TCLP (for metals and semivolatile organicsl was 

performed by EPA Method 1311. Matrix spikes, if any, were added at the time of 
digestion or extraction for further analyses. 

The Zero Headspace Extraction IZXE) leaching step of the TCLP (for volatile 
organics) was performed by EPA I,!ethod 1311. Bias adjustment spikes, if any. 
were added at the time of digestion or extraction for further analyses. 
Reported results are not bias adjusted. 

TCLP target list organochlorine pesticides and PCB's were determined using gas 
chromatography with electron cap:ure detection as in EPA Method 8080.~. 

TCLP target list phenoxy acid herbicides were determined by cas chromatography 
with electron capture detection 2s in EPA Method 815OB. 

Metals were determined in aqueous samples and leachates by digestion with nitric 
and hydrochloric acids as in EPA Method 3OlOA, followed by Inductively Coupled 
Plasma Emission Spectroscopy as in EPA Method 6010A unless noted otherwise. 

Mercury was determined in aqueous samples and leachates by cold vapox atomic 
absorption after acid/permanganate digestion as in EPA Methods 245.1 and 7470.A. 
A single analysis was performed unless otherwise no:ed. 

I4 e t a 1 5 were determined in solid and non-aqueous liquid samples by digestion with 
nltrlc acid, hydrogen peroxide, znd hydrochloric acid as in EF I4ethod 305Oi. 
follos:ed by rnductively Coupled Plasma Emission Speciroscopy 8s in EP.? Iletbo2 
601OA. unless noted otherwise. 

i.iercury war, determined in solid and non-aqueous liquid sansles by cold vapor 
2toxic absorption after acid/permanganate digestion as ix EPA I.:ethods 245.5 and 
7471.:. A single analysis x-as perforxed unless others:ise rote?. 

TCLP targe: list ,volatile organics ~.;e;-e derermined by 5~s c!,ro~atography/~asi 
Spectrometry as in EPA i.iethod 8240B. ti:sins a ca?il?ary co?w~ 



,.. ._ ..,~ .~ ., 

Work Order i: 97-05-181 Ross Analytical Services, ~nc 

!‘\I\‘\,.!., 

Reported: 06,1~,9~ 

TCLP target list semivolatile organics (base/neutral/acid) wrre determined by 
s-as chromatography/mass SpectrOmetrY as in EPA Method 82708. 

A~UP_OUS samples and leachates Were eXtracted for semivolatile organics in a 
continuous extractor using methylene chloride as in EPA Method 35208'. 

Aqueous samples and leachate were eXtracted for organochlorine pesticides and 
PCB's in a cor.tinuous extractor Using methylene chloride as in EPA I.iethod 35208 

aqueous samples were extracted for Phenoxy acid herbicides in a separatory 
funnel with diethyl ether and derivatized with diazomethane as in EPA Method 
81503. 



Work Order t: 97-05-181 Ross Analytical Sefvices, IX 

SamDle Description: 

Analvte Description 
Aluminum by ICP 
Pntimony by ICP 
Arsenic by ICP 
aarium by ICP 
Beryllium by ICP 
Cadmium by ICP 
Calcium by ICP 
Chraziur by ICP 
Cobalt by ICP 
Copper by ICP 
Iron by ICP 
Lead by ICP 
Magnesium by ICP 
Manganese by ICP 
Molybdenum by ICP 
Nickel by icp 
Potassium by ICP 
Selenium by ICP 
Silicon by ICP 

Silver by Icp 
Sodium by ICP 
Thallium by ICP 
Vanadium by ICP 
Zinc by ICP 
Boron by ICP 
Mercury by C'v'FJa 
Total P by EPA 365.2 

SamDle Description: ClXl Slurry DES-:I-COMP-2 

Analyte Descziotioz Result 
Aluminun by ICP 271 
htxony by ICP <EQL 
Arsenic by ICP <EQL 
Barium by ICP 4.88 
Eeryllium by ICP 0.97$ 
Cadmium by ICP <EQL 
Calcium by ICP 1490 
Chromium by ICP 4.21 
Cobalt by Icp 1.54 
Copper by ICP 2.89 
Iron by ICP 5350 
Lead by ICP <E@L 
i~iagneiiuc by Icp 236 
:.!angansse by ICP 10.8 

Coal Slurry DES-Zl-COMP-1 

Result 
361 

<EQL 
<EQL 
6.93 
1.30 
cEQL 
2250 
4.7, 
1.78 
3.74 
6840 
cEQL 

3<2 
13.6 
<EQL 

5.5 
129 

cEQL 
155 

<EQL 
528 

<EQL 
10.3 
26.5 

104 
<EQL 
28.0 

Lab No.: 01 

Units 
w/Kg 
w/W 
w/W 
ng/Kg 
y/KY 
v/Kg 
m5/Kg 
Eg/i:g 

Y/W 
a9 / Kg 
w/Kg 
w/Kg 
my/K3 
m3/K3 
w/KY 
w/Kg 
W/K3 
mg/% 
mg/Kg 
ms/Kg 
w/W 
mq/Kg 
my/K5 
w/w 
w/Kg 
ng/:ig 

rig/L P 

Lab No.: 02 

Units 
ng/Kg 
"3 /Kg 
w/Kg 
"g/Kg 
i-g/K5 
r-j / Kg 
rq/i:g 
rEq/xq 
w/t:5 
rq /Kg 
mg/Yg 
"3 /Kg 
rg/i:q 
mq-/KS 

\,.!I,!,,,., 

Reported: 06/12/g7 

cc!& 
10 
10 
10 

0.40 
0.20 
0.50 

20 
1.0 
1.0 
2.0 

10 
5.0 

10 
0.50 

1.0 
2.0 

20 
10 
50 

1.0 
50 
20 

1.0 
2.0 
5.0 

0.08 
0.020 

!LQk 
10 
10 
10 

0.40 
0.20 
0.50 

20 
1.0 
1.0 
2.0 

10 
5.0 

10 
0.50 



Work Order # 97-05-181 ROSS Analytical Services, Inc 

Analyte Description 
IGolybdenum by IC? 
Nickel by ICP 
Potassium by ICP 
Selenium by ICP 
Silicon by ICP 
Silver by ICP 
Sodium by ICP 
Thallium by ICP 
Vanadium by ICP 
Zinc by IC? 
Sorcn by ICP 
Mercury by CVAA 
Total P by EPA 365.2 

Samnle Description: 

Analyte Description 
Aluninum by ICP 
Antimony by ICP 
Arsenic by IC? 
Barium by ICP 
Beryllium by ICP 
Cadmium by ICP 
Calcium by IC? 
Chromium by ICP 
Cobalt by IC? 
Copper by IC? 
Iron by ICP 
Lead by ICP 
nagnesium by ICP 
Manganese by ICP 
Molybdenum by ICP 
Nickel by ICP 
Potassium by ICP 
Selenium by IC? 
Silicon by IC? 
Silver by ICP 
Sodium by ICP 
Thallium by ICP 
Vanadium by ICP 
Zinc by ICP 
Borcn by ICP 
Mercury by C".U 
Total P by EPA 365.2 

Itesul t 
cEQL 
4.18 
99.8 
cEQL 

133 
EX:OL 

351 
cEQL 
8.67 
27.9 
al.6 
cEQL 
21.8 

coal. Slurry DES-$1.COPIP-3 

Result Units 
338 my/Kg 

<SQL rr.g/bcy 
cEQL mg/.Y.g 

7.2 my/KY 
1.27 my/KY 
<EQL w/Q 
1530 mc/%g 
4.67 my/K3 
1.69 mg/Kg 
3.15 m/Kg 
5290 my/K9 
<EQL mg/Kg 

288 w/Kg 
11.8 mg/Kg 
<EQL w/Kg 
5.22 mg/Kg 

124 my/W 
EEQL X?/KS 

i69 ng / i:g 
<E-QL r.3 /Icy 

304 ny/>:g 
<EQL rep / K-j 
9.75 "5 / ::y 
25.7 "cj / x3 

112 ng/;:,: 
EEQL mg/K, 
6.20 mg/L P 

Units 

my/Kg 

n9lK9 

mg/Ky 
my/Kg 

w/Kg 
ng/Kg 

w/Kg 

nylK.5 
my/Kg 
mg/i;.q 
:,g / i:,- 

rig/w 
no/L ? 

Lab No.: 03 

\“,Irlr,,d 

Reported: O6/12/97 

EQ& 
1.0 
2.0 

20 
10 
50 

1.0 
50 
20 

1.0 
2.0 

'5.0 
o.oa 

0.020 

EQL 
10 
10 
10 

0.40 
0.20 
0.50 

20 
1.0 
1.0 
2.0 

10 
5.0 

10 
0.50 

1.0 
2.0 

20 
10 
53 

1.0 
50 
20 

1.0 
2.C 
5.0 

0.08 
0.020 



Work Order :: 97-05-181 Ross Amlyticai SeAices, IllC 

SamDIe Description: Sour Water DES-e4-COMp-1 Lab No.: 04 

Analvte Description 
Ammonia by EPA 350.2 
Total-CN by EPA 335.2/9010 
Sulfide by 376.1/9030A 

Result Units 
865 T/L N 

3.12 q/L 
7.62 w/L 

SamDle Description: Sour Water DES-P4-COMp-2 Lab No.: 05 

Analvte DescriDtion 
pl-! by EPA. 150.1/9040B 
P.mnonia by EPA 350.2 
TOtal-CN by EPA 335.2/9010 
Sulfide by 376.1/903OA 

Result Units 
8.35 Standard units 
1710 w/L N 
2.16 mg/L 
8.62 my/L 

Sample Description: Sour b!ater DES-#4-COMP-3 Lab No.: 06 

Analyte Description 
pH by EPA 150,1/9040B 
Ammonia by EPA 350.2 
Total-CN by EPA 335.2/9010 
Sulfide by 376.1/9030A 

Result Units 
8.34 Standard units 
1880 w/L N 
3.73 mg/L 
9.62 mg/L 

Samule Description: 

Analyte Description 

Total P by EPA 365.; 
Thallium by ICP 
Aluninum by ICP 
Antimony by ICP 
Arsenic by Icp 
Ear~~m by ICP 
Beryllium by ICP 
Cad-nium by IcP 
Calcium by ICP 

Chromium by IcP 
Cobalt by IC? 
Ccpper by ICP 
Iron by ICP 
Lead by ICP 
b:agnesium by iCP 

k!anganese b.y ICP 
I'aiybdenun by IC? 
Nickel by IC? 

Slag DES-#lo-Grab-l 

Result Units 
117 mg/L ? 

EEQL w/L 
7610 w/Kg 
cEQL m9Mg 
cEQL V/KY 
34.4 r,z/i:z 
1.78 mg / Kg 
<EQL mg/Kg 
Eel0 my/Kg 
29.1 mg/Kg 
4.73 mg/i:s 
10.3 rrg/i:g 

16,30G ng / Kg 
7.44 MY/KS 
1320 my/K? 
33.6 my/Kg 
5.03 ncJ/i:c 

Lab No.: 07 

24.6 rg/i:c 

ooooIlt; 

Reported: 06/12/g7 

EQL 
1.5 

0.010 

1.5 

EQ& 

1.5 
0.010 

1.5 

EQL 

1.5 

0.010 
1.5 

EQL 
0.020 

0.40 

10 
10 
10 

0 r. 0 
0.20 

0.50 

20 

1.0 

1.0 
2.0 

10 

5.0 
10 

0.50 

1.0 
2.0 



,. , ,. _ _ . ._~ . 

Work Order i: 97-05-181 Ross Analytical Services, IX 

Analvte Description 
Potassium by ICP 
Selenium by ICP 
Silicon by ICP 
Silver by ICP 
Sodium by ICP 
Vanadium by ICP 
Zinc by ICP 
Boron by ICP 
Mercury by C"A.T\ 

Sam~le Description: 

Analvte Descrintion 
Total P by EPA 365.2 
Thallium by ICP 
Aluminum by ICP 
Antimony by ICP 
Arsenic bv ICp 
Barium by ICP 
Beryllium by ICP 
Cadmium by ICP 
Calcium by ICP 
Chromium by ICP 
Cobalt by ICP 
Copper by ICP 
Iron by ICP 
Lead by IC> 
Kignesiun by ICP 
Manganese by IC? 
Molybdenum by ICP 
Nickel by ICP 
Potassium by ICD 
Selenium by ICP 
Silicon by ICP 
Silver by ICP 
Sodium by ICP 
Vanadium by ICP 
Zinc by ICP 
Eoron by IC? 
IK~rcury by CV>.< 

Samole Descriotion: 

irnalvte Description 
Toial P by EPA 365.2 
Thallium by ICP 
Alu!sinun by ICP 
G-?ilRO*~, b!/ ICP 

Result 
1580 
cEQL 
1190 
<EQL 

770 
21.9 
20.8 

106 
<EQL 

Slag DES-$lO-Grab-2 

Result _vnits 
<EQL mg/L P 
EEQL mg/L 

10,400 q/Kg 
<EQL mg/icg 
cEQL P,,c/Q 
45.1 mg/Ko 

2.5 W/W 
EEQL my/KY 

10,600 ?/Kg 
35.2 "‘.g/K? 

,5.65 ms/W 
11.7 my/K9 

18,600 my/Kg 
6.07 rag/Kg 
1610 my/Kg 
36.8 w/W 
2.04 my/KY 
21.3 m3i/K9 
2010 q/Kg 
cEQL rq/K.g 
1490 my/Kg 
<E?: r z / :-:2 

505 Kq/t;g 
30.4 n,-/i:g 
38.1 m/b+ 

157 r;cj / :;y 
c SQL "3 / i:? 

Slag DES-$10.Grab-3 

Result 
<EQL 
CEOi 
7570 
<EQL 

Units 

n~/Kg 

“Y/Q 

my/Kg 

m9 / %I 
mg/lGg 

w/Kg 

my/Kg 
my/Kg 

“g/Kg 

Lab No.: 08 

Lab No.: OS 

Irr.its 
KS/L P 

rx/L 
q / :'I? 

Reported: 06/12/97 

EQA 
20 
10 
50 

1.0 
50 

1.0 
2.0 
5.0 

0.06 

m!? 
0.020 

0.40 
10 
10 
10 

0.40 
0.20 
0.50 

20 
1.0 
1.0 
2.0 

10 
5.0 

10 
0.50 

1.0 
2.0 

20 
10 
50 

1.0 
50 

1.0 
2.0 
5.0 

0.0s 

w 
0.020 

0.40 
10 

r,y,Y.5 10 



Work Order 4 97-05-181 Ross Analytical Services, Inc 

Analyte DescriDtion Result 
Arsenic by ICP <EQL 
Barium by ICP 34.1 
Beryllium by ICP 1.81 
Cadmium by ICP <EQL 
Calcium by ICP 8350 
Chromium by ICP 24.5 
Cobalt by ICP 5.62 
copper by IC? 13.9 
Iron by ICP 15.900 
Lead by ICD 9.07 
I.:agnesiun by ICP 1220 
Manganese by ICP 29.4 
Molybdenum by ICP 2.78 
Xickel by ICP 22.6 
Potassiun by ICP 1'70 
Selenium by ICP <EQL 
Silicon by ICP 941 
Silver by ICP <EQL 
Sodium by ICP 546 
Vanadium by ICP 23.0 
Zinc by ICP 40.0 
Boron by ICP 122 
Mercury by C"A4 cEQL 

Units 

my/W 

mg/W 
my/Kg 

mg/Kg 
mg/Ky 

q/Kg 
ng/Kg 
mg/Ky 

mg I w 
mg/:ig 
mg/x.y 
v/K9 
F/KY 
my/w 
lPg/i:cj 
my/f%2 
w/W 
w/W 
ny/r.g 
my/Kg 
ng/Kc 
ny/i;y 
my/x9 

Reported: 06/12/g7 

E9.L 
10 

0.40 
0.20 
0.50 

20 
1.0 
1.0 
2.0 

10 
5.0 

10 
0.50 

1.0 
2.0 

20 
10 
50 

1.0 
50 

1.0 
2.0 
5.0 

0.08 



,. ..,~ 

,, I, 

Work or+ x 97-05-181 ROSS Nldlycicail se*ices. 1°C Reported: 0‘,12,97 

sarpie mrc:iprion COT,, siurry DES-“1-CONP-~ Lab NO. 01 
, : Test Descripclon TCLP liSC nELBi3 Te*: Code TCHET.5 

TCLP BEG07j 05/29/97 

IIS?.CU?Y DIGLSTED 05/30197 ME?CUTY S>-\:A!,YZZD 05/,0,97 D~LWIION FACTO3 1 

CT?‘2 ,:fi*iS DI‘ESTLD m o:ii:r? rZriLS MALYZED m DI‘LTIO>, iiCTC?. 1 

L?Ji?i IrdL 

cis vo. M3TAL 

7140-38-2 A.-senic 

7440-39-3 Barium 

7440-43-9 Cadliun 

?i4?-il.3 ihr3Tlc: 

7139-92-l Lea3 

7;39-97.6 MeTcYr, 

7182-49-J Ssleniu, 

7110-22-C Sil”2:. 

R5sa.T 

<‘71L 

O.li2 

<EOL 

r57; 

<‘?L 

<E L 

<E?i 

<E?L 

PLRCEX 
RLCOViPV ix 

- 053 

- m 

oalj 

- c 

025 

o.0320 

A 

- 3 

FOie copp2:. nickel, and zinc are r.oc :e;-ired by Fe-‘.;al RCaA reg”larion* be: are required by 5019 sia:e*. 

7443.SO-? cosper N.7 - 0 

7140-02-c Nicke? Ni - 0.10 

7i.40.65.6 z:n: ::~a c 



Work Order If 97-05-181 R05$ Analytical serhces. 1°C Reporred: 06,12,97 

Samp!e DercripLio” Coal slurry DES-III-COMP-1 Lab NO. 01. 

TeSC Desccipcio” TCLP 1iSi peSLiCidCs =es: Code BOBOTC 

TCLP BEGWI 05/29/97 DATE EKT?.AACTZD 06/02/97 DRX RW m 
DILLTION FACTOR i.e LYIITS RC,L 

c>.* NO. 

57-71-9 

72~2C,~E 

15.44.8 

56-85-9 

72-43-5 

8001-35-2 

~4iLYTFICrlL PERCZXT 

CWPODX RESULT PZCOYERY ECL 

Chlarla~e <EOi - s 

E:.irin 1 

Ee?cachlo: and iLS e;orrde <Em. - oo303 

Li”dare “I. m 

Mechoxychio: <EQL 0.0024 - 

Tloxaphene rc i. - s 

$Ga)CiTIE ~IECj‘l:?:~ L:!IITS 

Tecrachloro-m-xy1ene 2 3-3 

Decachlorohpher.yl 3 2-3 



Tc5.P BE‘W 05/29/97 DATC ElT?iitTtD 06/02/97 DATE kYALYZE3 05/06/97 

DILLTiON FACTOR 10 LTITIITS ma/L 

%J”?,.LYTICA:. PEPCE:,T 
cis Kc’ cc>!?om:D PZSU!,T RECOVE?.‘< EQL 

91-75-7 2.4-D <E, !. - a 

91-72-1 2.4.5-11 (sllvrxi et L 3 

si~?c;iTz iiECO’iE~‘i ‘:?iTs 

2.1-E 101 a- 12) 



work Order ” 97-05-181 ROES Analytic.1 setTice*. 1°C Reported: 06,l2,97 

cx MO. 

iOh-16-7 

121-14-2 

113.7L-1 

67-68-3 

67-72-I 

98-91-3 

81-86-5 

llC-85-1 

95-95-1 

68-06-2 

.w?ROGA~E %2ECOYERY 

.ulkLYTICiL 

P.ESXT 

<E3L 

<‘lx 

CT72 

<EOL 

<EOL 

<E, i 

rE L 

<x7: 

1‘ :. 

<E”L 

LIMIiS 

PZ.?i‘EST 

XiCOVfRY 

- 

- 

- 

- 

- 

- 

- 

- 

EQ5 

0.30 

0 

c 

n 

0.10 

0.10 

0 

a 

s 

0 

c 

NlLIOh”Lene-di -32 3. x 
2-iluaroblphenyl 65 2.2 

Terphenyl-d14 ?1 3-3 
ihenol-di 65 2-2 

I-Fiuorc?>.enzl 61 2. ‘-5 
I.i.S-T~ib~OnOph.~3! 2 3. s 



c5/29/97 DATE ,wx,YZED oi/o2/r? DILUTION F’R~X~ 1.c bT1IITis W/L 

~i.A‘YTICFL P‘RCENT 
P‘SUL: RECOYZRY EDL 

r23i - 0 

‘ESL 0 

<z’)li - 0025 

<E”L - a 

<L-L - a 

.I‘ 
<Em - a 

<5 L - a 

CZ’!. c 

rEIL - c 

<%L c, CL? 



TiLP BEGUN 05/29/91 

MEiCIRY DiCSSTiD m MLXCW.‘f R’lA‘YZSD 05/10/97 DILmIc:I FACX’ 2 

OiiiER I(‘TALS DIGESTED 05/27/97 OD!ER M‘T’XLS a.xiLYZiD oj,,o,91 DILLiilOS ‘*.cToi 1 

LP::ITS ,W,L 

C.&S t:o. METAL 

7440.36.2 RrseriC 

7110-39-3 Barlu, 

7440-43-9 Cadmium 

1440.17-l Ch:O,icn 

7439-$2-i Lead 

7439-97-6 ntZCYry 

V?d2-19-2 Selenzum 

7410-22-4 Silver 

PI?,E!X 

F.ES’dLY REiCVEiY 

<Zl)L - 

1.01 - 

CEOL - 

CE 2 

CE?L 

CE L - 

- 

<Z?L - 

:iz:e ccgger. “rciel. a?& :inc are no: reqxred by Fe&r.: F.CX> rs;u?a:iocs b_-. aI2 requires by *one s:ates 

7440-50-8 Co;pe: i:,: 010 

7140-02-C Pickel NA - 0 

7430-65-6 zinc N.X - 0 



KM BS‘L?, w OATi EX?i*\CliO 06/02/97 DRTE RUN 06/05,9, 
DILuTiSLV FACOR 10 wiis Wll. 

kVA.LYTICAL pSRCEy* 
cis NO. CO~axniD RESil5.T PECOYERY 

57-71-9 cinioniane <E”L 

72-20-s i,tirrn < 5.‘: - 

76.ii-b EspPa;nlar ad its epaxlde <ElL 

56-89-9 Lirdanc 

12-q1-5 rethoxycolor 

8001-35-2 Toxaphex 

<L L 

<E 5 - 

<EC5 - 

IEiCOVZ3.Y LICliTS 

100 2-2 

63 in- 150 



P”WLYTICAL PZRCEIlT 
cx NO. COSPO‘?7:0 RZSOLT RXOYERY EOL 

93-75-7 2.4-D r? L - 0 

53-72-l 2,4,5-T? (51?V?X, - 3 

1J!Jf1(,1(; 

w33.CGA:L *RECO”EilY LIX:ITS 

2.4-w 101 -ep.- 120 



_. 
_,,. ..~~. 

iC1? EEGL 05/29/91 CAT EIT?.A.CTED m D.AiL R’liLYZ23 06,C5/97 

D:L”?IOx FACTO? 1 WITS 

C&i5 !Ga. 

106-+6-7 

121-l-2 

IIS-h-1 

87-62-3 

57.721: 

56-95-3 

87-86-5 

.’ 1?0-85.‘ / 

95-95-1 

88-06-2 

SLxv.CGAiE \IECO”ER1 

Ki:~Ob~X~~~-di 77 

2-Flulrcbipanyl 2 

Terph.“yi.d?4 71 

FL.b~51-dS 79 

I-il’mrophenol 3 

m-/L 

;‘IALYTICAL 
R‘WLJLT 

<E. : 

<ES: 

<2 5 

<t, L 

<EOL 

<ESL 

‘Z Ii 

<E 5 

<EQL. 

SE05 

cc L 

PL?C::?:: 

92C3”E?.‘! 

- 

- 

- 

- 

- 

- 

- 

- 

EQi 

0 

0 

0 

O.?C 

010 

o?c 

0 

0.50 

0 

0 

O,?C 



cis NO. 

71.C3-2 

56-2,-i 

109.PS-i 

Gi.ij., 

15-35-1 

18-93-3 

127-15-4 

79-01-6 
, 

75-01-i 

DIL”TIO:I FACTOR 1 LWITS GO/L 

PE?.C‘iil 

RZCO”E3.Y 

- 

- 

- 

- 

- 

- 

- 

- 

LIVIiS 

2 - 110 
2-a 
ej - 12c 

EC!. 

0 

dC25 

3 

C 

c 

0025 

3 

Dozj 

0025 

o.050 



KZ?CMV k,liLYZL, 05/10/97 DILLTICS FRCXR 1 

CiiiR v2TALS II:;LYzEo m DILvrIOn FACYC? 1 

PSXT 

<L i 

0.787 

SE3L 

<LCL 

<EOL 

<WI. 

<E?L 

<EOL 

P3..cz:n 
PSCO”E?< E,Ji 

- 0.50 

- o.020 

- 0025 

0 

- 021 

- 0.0020 

- a 

- ooso 

f4o:e copper, nickel. and zinc are “OL IepYirCd by Federal RCRA reg”lation* b”C art require?3 by *one *caces 

74ic-SO-8 copper NA - 0.10 

7440-02-O Krckel Ni - 0.10 

7440.66-6 Zl”C I!.? - 3 



work Order I 91-05-181 ROQS Analytical SENiCeS, ICC Reparred: 06,12,91 

sampie m*c:ipion Coal SlWry DES-“1.CO”P-I Lab NO. 03 

I TeSc DelcIipLio7 TC‘P list pesticides TeSc Code BOBOX 

TCLP B3xN 05,29/97 DhTE EXTTs\CTiD m DiiE RUN m 
DILUT‘ION FACTOR 10 IPlliTS m-/L 

XlA‘YTICRL 
CA5 NO. coi.lmmD RiS”L7 

57-71-9 ChlordanD CEOI. 

?2-20-B Endrin <Em 

76.ii-8 ,Ee?cach?or and its epoxide ‘EO‘ 

53-35-5 LI:.?als 

72-43-5 ncLhaxychlor 

8001-15-2 Tioxaphene 

SCiXiOGAiE 

T~~:~ChlO~O-WX~l~“. 

Decachla:o,iphenyi 

CECL 

<EQL 

<Em 

PERCiHl 

RECOYiRY 

- 

- 

- 

- 



;ctrlo(lL’1 
Yolk Order ” 91-05-181 ROSS Rnalycica1 services. 1°C RepOTLed: 05,12,97 

Sample oescrlptia” Coal Slurry DES-It-CO.w-3 Lab NO. 0, 

lest mscripcion TCLP list herbicides Te5C Code 815OlC 

TCiP BEGLIX 05/29/97 DATE EXTUlCTED w Dhli: MALYZED 05/06/47 
DIiWIOK FACTOR 1.0 !mlTS 

CRS NO. 

94-75-7 

93-72-1 

COMPOLrP13 

2.4-D 

2.4.5-E iii1vexi 

Sw.ROGA-TZ m.ECO”‘RY 

2.4-E 2 

W/L 

a\lr\lYTIChL PERCEPlT 
RESULT REmYERY EQL 

<EOL - o.010 

<EQL m 

LI’:TS 

2.2 



Work Order # 97-05-181 ~053 .xnaly~ical services. in, Reported: 06,12,91 

I Sample mscriprion Coal s1urry DES-“I-COHP-3 Lab NO. 03 

Test Descripzio” TCLP list JemivolaLireI Te*t Code B2,O.K 

CA.! NO. 

106-46-7 

121-14-2 

87-68-X 

67-72-1 

98-95-3 

87-86-S 

95-05-4 

88-06-Z 

P,IidiM 

2.4,5-rrich?oeOFhe”O1 

I.i.6-TrlchlorDphenO1 

SuRROGRiE iREC0YEP.Y 

Nit.robenrene-dS 75 
2-Fl”orobiphenyl --e 

Terph.nyl-dll 104 
Pher.ol-d5 70 

I-Fluorophenal -.A!2 
2.4.6-Trlbromophenol 129 

L%ALYTICRL 

RESULT 

CECIL 

CEOL 

CEOL 

<EOL 

<EC% 

<ElJL 

<iQL 

<5 L 

<5OL 

CCCL 

<x*1 

LIMITS 

PERCENT 

RECOVERY 

- 

- 

- 

- 

- 

- 

- 

- 

..~ 

0000L’;’ 

c-.. 



ZHE BEGiT: 

CR5 NO, 

71-13-2 

55-21-s 

iC8-SC-7 

67-66-3 

‘37-0-2 

75-3-4 

78-93-3 

121-18-4 

79-01-6 

75-01-4 

05/29/91 oiTe A!!hLYZED 06/03/97 DILmIo:I FACTO 1 uii?:s CW/L 

SU1RO‘ATE ,RECO”iRY 

:.2-3lchla:O*Lha~e-dC 101 

Toluene-ds 104 

C-BrOmfi”Orober.z.“e 102 

IU’iALYTICAL PZ3.CENT 
RESULT R‘COVERV 

<i”L - 

<Em - 

<EJL 

<E,ZL - 

<E3L. - 

<EQL - 

<E3L - 

rE : - 

<Em. - 

<E^I. - 

LIMITS 

3-2 
a- 110 
3-2 



“ark Order # 97-05-181 ROSS hinalycical services. ‘IOC 
It’l(l(,~.J 

P.ep0rm.i as/n,97 

\ sampie m*criptic.n Slag DES-#lo-Grab-l Lab NO. 07 
Test DescriD,cian TCLP list metal3 Test Code TmrnS (1: .: 

~ERmRlmY R”ALYZZD m DILLn1311 FACC:CR 1 

OTHEX METALS A%u,YZED 05,,0,97 DILu:‘o>I FACTOR 1 

RESULT 

et-: 

0.406 

CE3L 

rE3L 

<Ea. 

<3x, 

<ml, 

<EClL 

PiRCENT 

RE‘OYERY 

- 

- 

- 

- 

- 

- 

- 

- 

,io:e copper. nickel, and zinc are rL3: requrred by Federal RC?.A Ic!Ylarions b”i a:e regvlred by some states 

7440-50-E copper NA - 0.10 

7140-02-O Nickel NR - 0.10 

71io-56.6 zinc ?+.a - 0 

.- 

I 



106-16-7 

121-11-2 

118.,1-l 

87-10-3 

61.,2.1 

,8-,5-l 

87-86-5 

95-95.4 

UIALYTICRL 
RESVLT 

<Ea. 

<xx. 

<EOL 

<EOL 

<EOL 

<EOL 

<SQL 

<EOL 

<WI, 

<EOL 

<E’?L 

LIMITS 

PIRCEXT 

RECO”E?‘Y 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

ECL 

0 

2 

& 

0.10 

0.10 

0.10 

0.10 

0.50 

0 

0.10 

0.10 



Work Order ” 97-05-181 ROSS ,u131yLiCa1 semices. 1°C Rc;arred: 06,1’,97 

) 
SaCpIe oercrrorian Slag OEs-Ulo-GC=b-L 
r+5: oercrip;ion TCLP ii5c “OlaLiles 

La3 (lo. 07 
ies: C3d.z 82,OTC 

z:is FJ5~21: 

C.&S >10. 

71.i,-2 

56-23-5 

123.90-i 

67-65-3 

137-56-2 

75-35-4 

18-43-3 

127-13-i 

19-0:-C 

75-01-1 

OiiOll2? 

EIALYTiCRL 

RiSXLT 

<XL 

<Z?L 

cE31 

<f?L 

<x‘?L. 

“?I 

<EZL 

<S^L 

<3x 

<E,)L 

3ILLTIoII FACTO? 10 

rfici:ii 
RxoViiY 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

LIXTS 

8’1.3 

89.2 

85 120 - 



” ““., . . .~ ,,.. _,, ~~~,-;m::‘;, 
. . 

< order x 9!-OS-lSl ROSS Analyricni services. 1nc Reported: 06/12/97 

bescripcion 51a.g DES-“lo-Grab-2 Lab NO. 08 
;5’ criptlon TCLP iist metaie TC5C Code TCKETS 

TCLP BEGrn 05/29/97 

E?CLmY DI‘ZSTiD u MHRCLJaY AxALYZE3 u DILUIIDN FRCTOR 1 

ITKR P!ETALS DI‘i52iD m OTHER NZiALS ANALYZED m DrLmioEl FACTO? 2 

L?JlITS lW,L 

CAS NO. FIEIhL 

1140-38-2 hTSsn:C 

7440-39-3 Barium 

7440-43-9 Cadmium 

7440-47-3 Chrani”n 

7439-92-I Lead 

1139-97-6 Mercury 

1162-49-2 Selenium 

7440-22-h silver 

WSULT 

<EG 

0,135 

<EOL 

<xx 

‘EQL 

<E L 

<EOL 

‘E L 

P~%cz::T 
RE33VZ2.Y ECIL 

- 0.50 

- m 

- 0.025 

- 3 

- 025 

- o.11020 

- 050 

- 3 

NOLe . capper, nickel. and zinc are not rewired by Federai WV2 regulaciacs but are required by sona 5:a:es. 

7440-50-8 copper NR - 0 

%40-02-O NiCki NR - 010 

7<;‘3-66.6 zinc NR - 2 



_/ 
TCLP BEGUN m DATE EXTaaACTEO 06/02/47 D;iTE RW m 
DTLu-rCION FACTOR 1 WITS M/L 

bw.LYTICXL PERCEN? 
CRS NO. CorPDmD RZSULT ~IECOYF~Y Ea. 

57-74-9 Chloidane <Em. - a 

72-20-t E”ki” rE3L - 0 

76.ii-8 He>iaCLloT ar.3 its sponicie. CEOL - 0 

58-89-9 ‘idAR+ 

71-43-s ~~‘to:<;,‘“io: 

8001-15-2 Toxaphene 

SL~RXATi 

Tecrachlaro-m-xylen. 

Oeca:hlerobiphe”yl 

<EO‘ - ODOC) 

(tfJl)(l& 

! 



,.., ~~.I ,~ ..I, ~,, 

TCLP BEGIn 05/29/91 DATE ESTKXTED 05/02/97 DAT2 ANALYZED ‘x,06,97 

DILUTION FACTOR 1 Ililil.5 no/l. 

.wRLYTICAL PERCENT 
CA5 NO. COMPOLWD RES!nT RiCOYERY W‘ 

94-75-T 2.4-o <EPL - o’o10 

93-72-I 2.4.5.TP wl?ve:x <E?L - c 

SJaRO‘ATE iRECOYE2IY LIWTS 

2.4-m 107 80-s 



CR.5 NO. 

106-46-T 

121-14-2 

118.74-i 

87-68-3 

67.72-l 

98-95-3 

87-86-5 

110-86-1 

95-95-4 

3B-06-i 

SLRXOGRTE *RECOVERY 

Ni:r?be”*e”e-dS 58 
I-FluorobYphenyi 51 

Terphenyl-dl4 --A 
Phenol-di 53 

2.Fluaraphenol 19 

ma/L 

ANALYTICAL 

RESULT 

<EOL 

<EOL 

<EOL 

<53L 

<Ea. 

<WL 

CEO‘ 

<SOL 

rE L 

<EOL 

CEOL 

Lilcr.5 

PiSCENT 

RZCO’IERY 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 



RIIAUlTICAL 
RESULT 

<E L 

<z, L 

<E, L 

<3x 

<E 5 

<EOL 

‘E L 

‘2 i 

<EOL 

<3x 

DI‘u-rIOEi FACTOR 1 InIT. W/L 

PE.ICEK 

RECOY~RY 

- 

- 

- 

- 

- 

- 

- 



Work Order 11 97-05-18, ROSS ,.,rmlyricai Services. 1°C Reported: M/12/97 

Sample DeSCTipLiO” Slag DES-“lo-Grab-3 Lab IlO. 09 

,I Test DeSCripLiOn TCLP list mcLals Te*t COdD *cxETS 

TCLP 05/29/97 BICrn 

MERCbaY 05/30/97 DI‘XTED MERClRY AmLYZE3 05/30/97 DILU~iIOS iKT3R 1 

OTHSR METRLS DIGSTED 05/27/97 OT’HFR METALC XVRLYZE2 a513c/s7 DlLUTlON FACTOR 2 

PSRCENT 
R‘COYEXIY EQL 

- 050 

- 2 

- 0.025 

- o.050 

- 025 

- 00020 

- a 

- 0.05D 

NOLe copper, nickel. and Li”C are not required by Pederal RC?.A regulations b”L are requre.4 by some states 

,440.50-2 copper NR - 0 

7440-02-c Nickel hm - s 

1443-66-b Zl”C Nh - 010 



..~.~ ~.,. .,, ..~ ..,,. 

Work Order ” 97-05-181 27055 nnaiyeica1 semices. 1°C Reported: 06/12,97 

*anpIe Description slag DES-“10-Grab-3 Lab NO. 09 
( Tes: Description TCLP ,ise pesticide* TeSL Code 8080X 

TCLP BEGLm w DATE EXvAC*ED e6/02/97 DATE RUN 06/05/97 
DILUTION FRCTO?? I.0 LUITS W/L 

ASRLYTzC*L PIRCENT 

CRS NO. COnPorm RiSULT RECOYZRY ECI 

57-74-9 Chlordane <Em, 0 

72-20-E Endrin rtcn 00005 

76-44-E HcpLachlor and its epxi*e <SOL - 3 

53-83-9 LIT.:ais 

72-43-s N.thOXyChlO: 

8001-35-2 Toxaphene 

SD-mCGAlE 

Tecrachloro-m-xylene 

Decachlorcbiphenyl 

<I’)> - 00001 

<EC% - m 

rux 0.013 

I~.ECO”%Y LIMITS 

45 a- 163 
-2 a- 150 



‘AS NO. COK?OLWD 

94-75-7 2.1-o 

93-72-l 2.4.5-11 ,Sll”C.Y, 

SLY?3^GTE i?tCn,‘tiY 

2.$-C? 3 

Ri:.aLYTIICAL PiXCEI,T 

RESULT RECO”Em EQL 

<s i - 0 

<E!JL - (1 

L;i.::Ti 

83 :23 -- 



., 
.~ , ,, ,,. .,. . ~~, ..~ ~. 

TCLP BEGUN 05/29/97 DAIZ EXTEs.CTED 05/02/97 DXTi AAVALYZi> 06/05/57 

DiLLTION FRClOR 10 LWITS W,L 

AJIALYT’ICAL PERCEIIT 
CAS NO. COMPOm RZSiTrT RSCOYERY E3L 

94-71-7 2.6-D rS L - a 

93-72-I 2.4.5.TP ,Siivexl <EOL - 3 

S~~O‘i;E >?ECO”ERY ‘I.YIIS 



TCLP BEGUN m DATE ElTiWCTBD m DATi a.VUYZE3 06/10/97 
D~LurITION FACTOR : IJNITS ma/L 

CRS NO. 

106-46-7 

121-14-2 

118-74-l 

87-68-l 

57-72-1 

98-95-3 

87-86-5 

110-86-l 

95-95-4 

88-06-2 

Smm‘R:E *RECOYERY 

Nicrob+“ze”e-di 75 
2-Fl”arobiphenyl 2 

Terphenyl-dl4 -..-a 
Phenol-d3 69 

2-Fl”omphe”ol 61 
2.*.6-Tribromophenai > 

M~ALYTICAL. 

RESULT 

<EclL 

<SOL 

<E?L 

<EQL 

<EQL 

<EN 

CEOL 

<EOL 

<XL. 

<EQL 

<ET> 

LINITS 

PERCENT 

PECOYERY 

- 

- 

- 

- 

- 

- 

- 

- 

- 

i 



,~.~ ,. ,~ ,.~,~,,II.. -. _,~,. .~. .~_~~. ..-. .~~ _.. ~.~ .~ .~. ~.., _ 

; sampie Descripcio” satur DES-“1l-GFaE 
TCSC De.criPcion TC‘P list “Oh~ikS 

work,Order ” 97-O-181 ROSS mlelyticni services. 1°C Reported: w/12,97 

-1 Lab NO. 10 
=e*: Code 8240X 

05/79/91 DATE ,wRLYZED 35/0)/97 DILUTION FACTOR 1.0 WITS W/L 

ellRLYTIIC*L PERCENT 
RESULT RECOYERY 

<ZQL - 

<Em - 

<EOL - 

.:‘I - 

<EC& - 

<EOL - 

<EOL - 

<SOL - 

<Em. - 

<ZOL - 

LI,.lITS 

80. a 
J- 110 
gj 120 



,,... ~,~ .~ .~. _, ,., ,~, .~. 

York ox&r # 97-05-181 ROSS Am1ytic.l sezvices. 1°C Reporred: 06,12,97 f,‘fJCJc~j.~ 

i Sample Descripci.3” SUlf”I DEs-“ll-G~-* Lab NO. il 
-re*t mscripcion XLP list metals Test Cade Tc.ET.5 .*-: 

!; 

TCLP BEGUN m 

b?iRCb~Y Di‘ESTED m MERCmY AVXLYZED as/3ol97 DILUTION FACTO3 ^_ 

OTL‘iS E!JTRLS DIGESTED OS-&& OTHER b!!ETRLS .uIALYZED 05/30/47 DlLlilI’JN FACTO? 2 

LPliTS M/L 

CA.9 N3. MiTliL 

i,:I”~JE-2 i.lSZ?lC 

74.lo-39-l BUi”Pl 

7440-43-9 Cddrnl”” 

7440-47-3 Chro.ziLr 

7135-92-1 Lead 

7439-97-6 Mercury 

7782-49-2 Seler.iul 

744c-22-4 Silver 

RESULT 

<Z?L 

0~111 

CEOL 

<E L 

<E L 

C6OL 

<t L 

<EOL 

PEP.CEHT 
RECOVERY E35 

- 2 

- s 

- 0025 

- jcso 

- 075 

- 00020 

- (1.50 

- a 

NOLC copper. “lCk?l, ad zinc are nor requi:e” by Fcderai RCP& reg”lacia”s b”L are requil-ed by p31+ sra:e* 

714b.50-t capper NR - (110 

1aa3.02-c Nickel NA - 0 

7440-66-6 zinc NA - d 



.., ., ,,, ,~. ., ~, ~,,. ..,.,. ,,...,.. _,~._ . . ..I. . ..” ., _ 

TCLT BEGLm m DATE EXii(llCTIELz 06/02/97 DA7iE RUN 05/05/97 
DILuTlTION FACTOR 1 UNITS W,L 

ANALYTICAL PERCENT 
CR.5 NO. COMP’xrm RESULT RZ:CO”ERY 

51-74-9 Chlordane <EOL - 

72-20-8 Endrin <E!x _ 

76-44-8 R.p:aChlol and its epOlide <m5 - 

58-89-V Llr.bane 

72-41-5 MDChoXyChlo: 

8301-35-2 mxaptlene 

SLRROGAT?E 

Tetrachlaro-In-xy>ene 

WC~ChlO:ObiphCl~l 

<EOL - 

<EQL - 

<EC& - 

VdECO”ERY LIMITS 

> A- 160 
110 3. a 

0001,.;; 



Wo+ Order x 97-E-i81 ROSS Analytical services, 1°C ReparLed: 06,12/97 

J sample Description Sulfur DES-#1~-Gw.B-2 Lab NO. 11 

Test DeSCripLio” TCLP list herbicides .-SC Code Bi50TC 

TCiP BSGUN 05/29j97 DATE E:<TP.ACTED P6/02LB? 
DI!srION FACTOR 2 UXITS nm,L 

iuY&LK~CAL 
as no. COWOLnm R3”t.T 

91-71-7 2.4-o <EL 

93-72-I 2.4.5.1P isilver, CEOL 

Sz.i?Gi:E iRECo”Zir L::.!:TS 

DRTE ANALYZED 05,0b/97 

PZi(CENT 
REC0YBR.Y EQL 

- 3 

- a 

0clcJrr.J~; 

.- 
(~’ <‘, 

2.4-m 109 80 120 - 



CkS NO. 

87-68-2 

67-7-l 

98-95-3 

81-86-5 

110-86-I 

95-95-4 

83.06.2 

COYSOUND 

TOLdI c:elol* 

i.4-Dichlorabe”re”e 

7.1-Dinltroml”e”e 

Haxachlorobenzene 

IkGKhloroerhane 

Pencachlorophenol 

Pyridine 

2,(.5-Trichio~ophe”o~ 

SLFmOGATE IRE:O”ERY 

Nitrobenz.ne-dS 79 
2-Fiuorobiphenyi 80 

Terpherl,l-dll > 

Phenol-d5 7j 

2.Fhoraphenol 55 
2.4.6.1r:ST070ph2”01 2 

WlALYTICAL PERC>,T 

PESili. PECcs”‘ERY 

<EOL - 

<EOL - 

<EOL - 

<EOL - 

<EQL. - 

<EN - 

<EOL - 

<EOL - 

<Em - 

<EOi - 

<Eel. - 

LIXIIS 

3-2 

30-a 

A- > 

15-a 

2- 125 

A- 2 



work Order 11 91.05.181 ROSS Rna1ytic.1 services. 1°C Reported: 05,12,97 

1 *ampie Description Sulfur DES-“11.GRAB-2 Lab NO. 11 
Tes: Descrip:ion TCLP iiSL “olstiles Test CO& 8240X 

WE BiGM m DATE R)IP.LYZED 06/02/97 

CAS NO. 

7:.63.2 

56-21-5 

1’28-90-7 

67-66-1 

101-06-2 

75-35-4 

18-9-3 

12,-1*-G 

79-01-6 

75-01-4 

S’rnXOGATTE ~RECOYEXY 

AmALYTICAL 

RESXT 

rml, 

<Ea. 

<EOL 

<El)i 

<WI, 

<SOL 

<7 L 

<EOL 

<iOL 

<EOL 

DILUTION FiiCKlR 1 InlIT W,Q /L 

PERCEST 

RECOVERY 

- 

- 

- 

- 

- 

- 

- 



Work OrdCr # 91.05-181 R055 ,TwaiyCicnl services. 1°C RepOTLed: 06,12,91 

1 
sanple ~e.cr~prion S”lfU m5-!411-=m-3 Lab NO. !,I 

4 
Rat Deecriprio” TC‘P liSC metals TeSi coer TceTS 

t&, 

TCLP DiGW w 

ti:F”C”RY DIGESTED 0’1/10/97 ,‘lERCu?.Y WIALYZED m DIL”TIO:I FhCxJR 1 

OTIIE” ,,ET,vs DiGESTiD E.mw ala:? METALS X:IALYZLD 05/)c/97 DILLTlC!I FACTSR 1 

“NI’IS no/,. 

ens ,,o, METAL 

7140.30.2 Arsenic 

7140.39., DJrl”ln 

7440.4j.7 CaJlnlum 

, 
‘1~1”.41., Cli~omi”m 

1 7419.92.1 l,?zid 

4 7411.9’1.6 McTC”Cy 

.770?.41., O<l.%l”l” 

%1.ifJ.~7.4 LlllVQ, 

FES’GLT 

<EOi 

0.158 

<Erx 

<i^i 

rEOL 

<EOL 

<Er)L 

<EZ,L 

PZRCEilT 
RXCJ’E3Y EC> 

050 

- 0 

- 0025 

--i s 

- 0 

- 0.0020 

- 050 

3 

NOE@ . Cqpr. ,,,Cklfl. dlld zinc JCE not rewrred by Federal RCS, regYlatio”s b”L a-e rE+ired by SOPt siaces. 

~., ?<,!. ..~,.1,~~’ ~’ 
‘.. .wbP.~o:a ..: -::: ,;:{.;:~~.:..:‘, ..:. :~, co,q>* t 

7?<~\~.:] .~: ,‘T( ,~:T. :,; 
.~ 10.0.?.0 ~N,Ck.?, 

KR - 0.10 

NA a 

7,111, 1 $6, i. 2 I II/: xi - c 



XL? BimN 05/29/91 DATE EYTRACTED 06/02/97 

DILuTiION FACTOR 2 LI?Ins ,70/L 

cris NO. 

57-74-P 

72.20-s 

7;.44.8 

58-89-9 

72-11-5 

8001-15-2 

.LVRLYTICAL 
CC,Y:pOWXD RESLILT 

Chlordane rml. 

EEdrin <E’L. 

Hrpia‘!llc: and IL5 epoxiae <ECL 

Linda?.* <EOL 

Mechorych?ar <ED!, 

Toxaphene <E01 

SvmOGXTE tREC0YEz.Y LPIITS 

PEPICE!,? 

RECUG.?Y 

- 

- 

- 

- 

- 

- 

Te:rachloro-m-xylenc 110 2-a 

Decachlorobiphenyl 130 3.2. 

i 



cis >,a. 

136-16-7 

121-11-2 

iii-7-l 

81-68-3 

67-12-l 

53.95-Z 

87-86-1 

:10-86-l 

93.55-1 

66.06-2 

iiliLYTIC~:L P.=.CE::T 
PiS”Li piCS”rTi 

rm - 

CECL - 

<E?L - 

<^ i - 

cc L - 

-2: L - 

<PO5 - 

<E’x - 

<EOL - 

<EC5 - 

<El: - 

LIMIT’S 

-2,. a 
30-a 
&..!- d 
33. A 
2. a 

NiL:Ok,.~l~ll~-dj 69 
2-Fluarotipknyi 2 

T%phe>!/-dl4 3 
P;.e;a*-di 64 

*-ilrorashe”ol 5s 
2.J.6-irl~ro.~a?nsna, 2 3. a 



I 

.,. ~, ,, ~,..~ _._ ..,__ ~.~ .~... .- ..~ .-.. ._..___ ~,_. ,.._ ~._~~~ 

APIALYTICX PERCEST 

cm no. COilPOWXD kis.UiT RECWERY EO‘ 

94.15-7 2.4-o <EN - a 

93-72-1 2.4.5-n (Siivaxl CEOL - -a 

Smil~cATr iRECO”ERY LIMITS 

2.4-m 103 80 120 - 

‘lO’,OL;~ 

(, ,: 


